
AD-A271 246

OAtrWPft&ER1t-dI'II*EPORT, PHASE 1, ARMY SPILL SITES, SOUTH PLANTS MANUFACTURING VaC .2E•

COMPLEX, TASK 24, FINAL, VERSION 3.2

DAAK11 84 D 0017

-. l ,VIJ ý G Z.AT.ICN NA-ME1,S) 4N ZAE~E 7-.

EBASCO SERVICES, INC.

88286R10

C ',C3. 'ACZ !NG AGENCY NAMlEc AND1~~P~G
AGE..C.' ^EPC:RT ~M

SROCKY MOUNTAIN ARSENAL (CO.). PMAD

11. 5L??,:P'E.,2:Tp ,' r NOTES rz

1.13. ]2YT12UT!CN AVAILABILITY STATEMENT IS2b. UI:STRMELTiON CCDE

Ii
APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

~~~T THE'r••~~g• PHASE I COTAINATION SURVEY OF' 21 ARM SPIL
SITES IN THE SOUTH PLANTS AREA.

OR4 SAMPLES FROM 53 ORINGS WERE ANALYZED FOR VOLATILE AND SENIVOLATILE
ORGANICS AND METALS. 32 OF 52 TARGET ANALYTES WERE DETECTED WITHIN OR ABOVE
THEIR RESPECTIVE INDICATOR RANGES. BCHPD, CHCL3, DCPD, ALDRN, CLDAN, DLDRN,
ENDRN, CL6CP, CD, CR, PS, ZN, AS, AND HG WERE DETECTED AT HIGH CONCENTRATIONS.

NO PHASE II PROGRAM IS PROPOSED FOR THE ARMY SPILLS TASK BECAUSE ADDITIONAL
SAMPLING HAS BEEN CONDUCTED UNDER TASK 2, THE SHELL SPILLS PROGRAM, AND THE
SOUTH PLANTS REGIONAL STUDY.

APPENDICES: CHEMICAL NAMES, PHASE I CHEMICAL DATA, COMMENTS AND RESPONSES.

-15. lo[L.jj 5E. OF ?AGES

16 ? • •RI(C:' : OD:)E

. +. ,1.rv'! hh,•: c�•- 1i " 8. SECURITY CLA53 FiC..TC;J .. .. IT' ..,-,.• .I,,I 20, .,ITA TiON OF ABSTRACT

UN•-• L ,S IED OF THIS PAGE • *-j....



Best
Available

Copy



JJSCL'AIIIJ NO'TICE

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISIHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



88286R10
S~2nd COPY

MATERIEL COMMAND -- COMMITTED TO PROTECTION OF THE ENVIRONMENT -

S1 FINAL

PHASE I
DATA PRESENTATION REPORT

ARMY SPILL SITES
SOUTH PLANTS MANUFACTURING COMPLEX

VERSION 3.2

SEPTEMBER 1988
Contract No. DAAK11-84-D-0017

S. 4%0/ 4 17/o 00c,

EBASCO SERVICES INCORPORATED
R. L. Stollar and Associates

California Analytical Laboratories, Inc.
DataChem, Inc. Geraghty & Miller, Inc.

REQUESTS FOR COPES OF THIS DOCUMENT
SHOULD BE REFERRED TO THE PROGRAM MANAGER

FOR THE ROCKY MOUNTAIN ARSENAL CONTAMINAT-oN CLEANUP,
AMXRM ABERDEEN PROVING GROUND, MARYLAND

93 10 18 268

j ROCKY MOUNTAIN ARSENAL *COMMERCE CITY, COLORADO *80022-21801



88286R10
2nd COPY

LITIGATION TECHNICAL • ..................

ROCKY MOUNTAIN ARSENAL

FINAL
PHASE I

DATA PRESENTATION REPORT
ARMY SPILL SITES

SOUTH PLANTS MANUFACTURING COMPLEX
VERSION 3.2

SEPTEMBER 1988
Contract No. DAAK11-84-D-0017

TASK NO. 24

Prepared by:

4"• ', EBASCO SERVICES INCORPORATED

iQ)CALIFOI TOLA ANDLTIA LASSORIATORES, N o,
",DATACHE, INC. GERAGHTY L MILLER, INC.

Prepared for:

U.S. ARMY PROGRAM MANAGER'S OFFICE FOR
ROCKY MOUNTAIN ARSENAL CONTAMINATION CLEANUP

THE INFORMATION AND CONCLUSIONS PRESENTED IN THIS REPORT REPRESENT THE
OFFICIAL POSITION OF THE DEPARTMENT OF THE ARMY UNLESS EXPRESSLY MODIFIED BY A
SUBSEQUENT DOCUMENT. THIS REPORT CONSTITUTES THE RELEVANT PORTION OF THE
ADMINISTRATIVE RECORD FOR THIS CERCLA OPERABLE UNIT.

THE USE OF TRADE NAMES IN THIS REPORT DOES NOT CONSTITUTE AN OFFICIAL
ENDORSEIENT OR APPROVAL OF THE USE OF SUCH COMMERCIAL PRODUCTS. THE REPORT
MAY NOT BE CITED FOR PURPOSES OF ADVERTISEMENT.



TABLE OF CONTENTS

EXECUTIVE SUMMARY

1.0 PHYSICAL SETTING ......................... 1

1.1 ILOCATION ........................... 1

1.2 GEOLOGY ... 1

1.3 HYDROLOGY ........................ .......................... 5

2.0 HISTORQ .......................... .............................. 7

3.0 SITE INVESTIGATION ................ ....................... ... 35

3.1 PREVIOUS SOIL INVESTIGATIONS ......... ................ ... 35

3.2 PHASE I SURVEY ................. ........................ ... 36

3.2.1 Phase I Program ............. .................... .. 36

3.2.2 Phase I Field Observations ...... .............. ... 58

3.2.3 Geophysical Exploration ......... ................ .. 59

3.2.4 Phase I Analvte Levels and Distribution ... ........ .. 59

3.3 PHASE II SURVEY ................ ....................... .. 143

4.0 REFERENCES CITED .... ........ ......................... 144

Appendix 24S-A Chemical Names and Abbreviations

Appendix 24S-B Phase I Chemical Data

Appendix 24S-C Comments and Responses

Aooession For
NTIS GRA&I
DTJC TAB f]
Una:.inu•nced F]
Just-it If l •t:

By-
Distributlof/

iAvdi . te.D d.r

Di t Isia



II
SLIST 

OF FIGURESEA

248-1 Location Map ......................... 2

245-2 Fiztd PorLng Profile for Boring 29 ......... .............. 3

24S-3 Field Boring Profile for Boring 40 ......... .............. 4

24S-4 Soil Gas Screening Location Map with South Plants
Control Areas . . . . . . . ................ 47

24S-5 Soil Gas Investigation Control Point Section 8 ..... ........ 48

24S-6 Sample Station Locations Spill Site #9 .... ............ ... 50

24S-7 Sample station Locations Spill Site #18 .... ........... ... 53

24S-8a Analytes Detected Within or Above Indicator Levels .... ...... 93

24S-8b Analytes Detected Within or Above Indicator Levels .... ...... 94

24S-8c Analytes Detected Within or Above Indicator Levels .... ...... 95

24S-8d Analytes Detected Within or Above Indicator Levels .... ...... 96

tii

J ,



LIST OF PLATES

24S-1 Vicinity Map Showing Phase I Boring Locations

24S-2 Topography and Surface Drainage

24S-3 Water Table Elevations and Generalized Groundwater Flow Direction

i:i



LIST OF TABLES

24S-1 Rocky Mountain Arsenal Army Spill Sites Investigated

in Task 24 (Spills) ....... ..... ...................... .. 37

24S-2 Summary of Analytical Results for Army Spill Sites ......... .. 60

24S-3 Results of Phase I Field Study ...... ... ................. 61

24S-4 Tentative Identification of Nontarget Compounds ... ........ .103

iv



ARMYSPI SITES

SOUTH PLANTS MANUFACTURING COMPL•X

Forty-one sites in Sections 1 and 2 of the South Plants area and of the North

Plants area in Section 25 were reported to be the locations of chemical or

fuel spills by the Army. After examination of the historical record and

elimination of sites that were to be investigated by other tasks (including

the Task 42 investigation of North Plants), twenty sites in Section 1 and one

site in Section 2 of the South Plants area were investigated under Task 24 in

the spring and fall of 1987. Substances that were reported to have been

spilled, leaked, or discharged during Army manufacturing operations included

lewisite, mercuric chloride, arsenic oxide, arsenic trioxide, arsenic sludge,

acetylene, mustard, pesticides, herbicides, lime sludge, laundry and

laboratory wastes, diesel fuel, solvents and other petroleum products,

organochlorine products, "phossy water," sulfuric and nitric acids, and

unspecified spent acids. Soil gas investigations were carried out on two

sites (9 and 18) with reported spills of petroleum products. Fifty-three

borings including surface grab and trench composites, yielding 184 samples,

were completed to depths ranging from the surface to 25 feet.

Thirty-two of the 52 target analytes were detected within or above their

indicator levels including pesticides, process intermediates, Army agent

breakdown pcodus, solveat--, and mctal-. Fifteen snalytes were detected at

high concentrations (all in micrograms per gram): bicycloheptadiene 5,000;

chloroform 90,000; dicyclopentadiene 4,000; aldrin 8,000, chlordane 1,000;

dieldrin 7,000; endrin 5,000; hexachlorocyclopentadiene 7,000; cadmium 3,900,

chromitm 3,500, lead 2,600, zinc 3,300, arsenic 110,000, end mertury 17,000.

High concentrations of nontarget compounds tentatively identified as

chlorinated hydrocarbons, concentrations of polychlorinated biphenyls, and

possible remnants of fuel and solvent spills were also detected.

No Phase II follow-on work is proposed for the Army Spills program because

additional sampling and analysis has been conducted under Task 2 site

programs, the Shell Spills program, and the South Plants Regional Study. The

results of all investigations in the South Plants area will be integrated and

presented in the South Plants Study Area Report.



PRASE I DATA PRESEITATION REPORT

ARMY SPILL SITES

SOUTE PLANTS MANUFACTURING COMPLEX

1.0 PHYSirAL SEg}iNG

1.1 LOCATION

The area of the Army Spill Sites Investigation lies in the northern third of

Sections 1 and 2 on the Rocky Mountain Arsenal (RMA), as shown in Figure

24S-1. The areas investigated are located within the South Plants

manufacturing complex and include structures, many of which were used for

chemical production and handling by the Army, Shell Chemical Company, and

other lessees. The sites cover portions of an area of 15,177,050 square feet

(ft 2). The location of the sites investigated is shown in Plate 24S-I (in

pocket).

1.2 GEOLOGY

The two uppermost stratigraphic units beneath the South Plants manufacturing

complex are Quaternary alluvium and the Denver Formation bedrock (May,

1982/RIC 82295R01). Seven borings completed as part of this study (Borings

6, 11, 20, 23, 31, 43, and 44), as well as previous borings and wells

installed in this area, indicate that a 10 foot (ft) thick veneer of alluvium

overlies a bedrock high centered approximately in the middle of the South

Plants area. Both construction fill and undisturbed natural deposits compose

the material drilled and logged as part of the alluvial section for the Army

Spill Sites borings. Gravelly sand, silty sand, and gravel were commonly

found within the first few feet of material drilled, and the underlying

alluvium consisted primarily of silty and clayey sand with subordinate sandy

to silty clay and sand. Two of the deepest borings completed (Borings 29 and

40), which characterize the lithologies encountered, are shown in Figures

24S-2 and 24S-3.
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The Denver Formation is composed mainly of interbedded claystone, sandstone,

sandy claystone, and lignite. Twenty-five of the 53 borings completed as part

of the Army Spill Sites investigation penetrated the upper portion of the

Denver. In these borings, 1 to 21 ft of bedrock consisting principally of

weathered, fractured limonite-stained claystone and sandy claystone with

lesser amounts of siltstone and sandstone were penetrated.

Borehole 2601000001 (Well 01072) drilled in the central South Plants area by

Task 26 penetrated 210 ft of the Denver. In this boring the lithology of the

Denver was primarily claystone and sandstone, with subordinate clayey

sandstone, sandy claystone, and lignite. Subsurface geologic studies

conducted under Task 26 and by May et al. (1983/RIC 83299R01) indicate the

presence of several Denver sand paleochannels occurring beneath South Plants.

As borings and wells drilled in the vicinity of South Plants do not penetrate

through the Denver Formation, the total thickness of the formation beneath

this area is unknown. Detailed descriptions of the characteristics of the

Denver Formation underlying RHA are found in two studies by May (1982/RIC

82295R01) and May et al. (1983/RIC 83299R01).

1.3 HYDROLOGY

The area investigated during the course of this study lies on a topographic

high where surface elevation ranges from about 5,250 to 5,275 ft above mean

sea level (msl). Surface water flows away from the South Plants area in

several directions (Plate 24S-2). Most of the runoff from the South Plants in

Section 2 and the southwestern portion of the South Plants area in Section 1

flows west to southwest toward the Sand Creek Lateral. Surface water runoff

from the northern part of the South Plants area in Section 1 flows both east

and north. Runoff from the southeastern portion of the South Plants flows

south to southeast toward Upper and Lower Derby Lakes.

Surface water quality data are available for several locations in the South

Plants area (Plate 24S-2). Water draining north into Section 36 sampled in

1985 contained detectable levels of dicyclopentadiene, methylisobutyl ketone,

dibromochloropropane, diisopropyleethyl phosphonate, p-chlorophenylmethyl

sulf one, p-chlorophenylmethyl sulf oxide, p-chlorophenylmethyl sulfide,

5
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benzene, toluene, ethylbensene, xylene, chloroform, 1, 1-dichloroethane,

trans-1,2-dichloroetbylene, 1,1, 1-trichloroethane, tetrachloroethylene, and

chlorobenzene (ESE, 1986b/RIC 86317R0l). Runoff sampled in 1983 along the

western portion of the South Plants area contained aldrin, isodrin, dieldrin,

endrin, chloroform, benzene, and methylisobutyl ketone (Spaine & Gregg,

1983/RIC 832281O1). Surface water draining toward Lower Derby Lake, sampled

at the southeastern corner of the South Plants area in 1983, contained

isodrin, dieldrin, endrin, chloroform, benzene, and methylisobutyl ketone.

Analysis of runoff samples collected from a ditch draining east from the South

Plants area for the same period indicated the presence of diisopropylmethyl

phosphonate, aldrin, isodrin, dieldrin, endrin, and chloroform (Spaine &

Gregg, 1983/RIC 83228R01).

The primary direction of groundwater flow across RMA is to the northwest;

however, a localized groundwater mound diverts flow radially away from the

South Plants area (Plate 24S-3). A previous investigation has attributed the

presence of the South Plants groundwater mound to the leaking of water from

underground pipes into low permeability material (Stollar et al., 1979/RIC

84192R09). Groundwater elevations in the area, measured in the summer of 1986

(ESE, 1988a), ranged from approximately 5,260.0 ft mal in Well 01514, which is

located near the center of the mound, to 5,248.0 ft mel in Well 02007 at the

western edge of the South Plants area, to 5,255.0 ft mel in Well 01018 located

along the southeastern margin of the South Plants area. Depth to groundwater

in these wells was 9.3, 15.5, and 11.3 ft, respectively.

Groundwater quality data have been compiled in the vicinity of the borings

completed for this study in the South Plants manufacturing complex. Based on

samples collected from alluvial wells, groundwater contaminant plumes

containing the following chemicals have been identified: dieldrin,

p-chlorophenylmethyl sulfoxide, p-chlorophenylmethyl sulfone, dithiane,

1,4-oxathiane, dichloroethane (1,1-dichloroethane and 1,2-dichloroethane),

dichloroethylene (trans-1,2-dichloroethylene and 1,1-dichloroethylene),

mercury, benzene, trichloroethylene, chloroform, chlorobensene, and

tetrachloroethylene (ESE, 1986b/RIC 86317RO1). (Theme alluvial wells included

wells screened in the Denver Formation with the top of the screened interval

6
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within 10 ft of the bedrock surface.) Because these compounds are

representative of the class of chemuicals typically found in the groundwater

beneath the South Plants manufacturing complex, their presence in the

groundwater does not imply that contaminants found at the Army Spill Sites

boring locations are contributing to groundwater contamination in this area.

2.0 HISTOR

The following narrative represents an updated partial revision of the Army

Spill Sites history and supersedes as indicated all previously transmitted

histo. 'cal narratives concerning this site. It has been prepared following

full re\ .ew of information identified during the course of discovery in United

States v. Shell Oil Co., Civil Action No. 83-C-2379 (consolidated with No.

83-C-2386) (D. Colo.).

The spill areas investigated under this task were originally identified in a

letter dated May 1985 by Shell Chemical Company to the Army; 29 existing or

potential spill areas for which Shell had information were listed in an

attachment to the letter. Since the Shell letter was written, additional

research has been conducted by Ebasco on the nature and location of spills in

the South Plants area. Twelve additional sites have been identified.

Detailed historical information about each site has been revised from that

included in the Task 24 Technical Plan (Ebasco 1987d).

Spill Site No. 1:

Between 1957 and 1959, toluene was spilled on the ground north of Building 511

(Shell, 1985). The spill involved approximately 5 gallons of toluene, and the
2

spill covered an area of approximately 10 ft . The RMA Fire Department

responded to the incident and covered the affected area with water (Gerton,

1985). The spill was caused by an accident involving a tank car of Shell

toluene and a switch engine (Kuznear & Trautmann, 1980/RIC 84269R01; RNA,

1945a).

Because a Task 2 boring was drilled at this location, no additional borings

are planned under Task 24 (Spills). No volatile or semivolatile target

analytes were detected in samples taken from the Task 2 Phase I boring.

7
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Spill Site No. 2:

The lewisite disposal facility reportedly was operational between April and

November 1943. The facility was located south of December 7th Avenue, north

of the east-west railroad line, in the yard north of present-day Building

561. The lewisite complex consisted of a mirror set of buildings that

included the following:

B-511, 514, lewisite reactors

B-511a, 514a, crude lewisite storage

3-512, filling building

1-515, 516, lewisite distillation

Only part of the plant was ever used to produce lewisite, i.e. Buildings 511

and 515 never went on-line (RMA, 1943; U.S., 1953; Donnelly, 1985k).

The facility also included four disposal reactors (Building 513) (10 ft long

by 10 ft wide by 10 ft high) and three 300,000 gallon unlined settling

basins. These settling basins were known as the "M-1 basins." The dimensions

of the M-1 basins were 75 ft wide by 100 ft long by approximately 5 ft deep

(Whitman, Requardt, & Smith, 1942b). These subsurface disposal pits are now

covered with fill material and new structures, and no surface evidence of

their location has been found.

Numerous spills alleged to have occurred within the buildings in the lewisite

complex, the acetylene plant, the thionyl chloride plant, and the arsenic

tric'loride plant were routed to the M-1 basins through floor drains and

connecting piping. Wastes from the lewisite complex (Buildings 512 and 514),

the acetylene plant (Buildings 518, 519, 521, 522, 522A, and 525), the thionyl

chloride plant (Buildings 471, 472, 473, and 475), and the arsenic trichloride

plant (Buildings 523, 523A, 523B, 523C, and 524) were allegedly held in these

basins prior to disposal elsewhere (Shell, 1985).

As wastes entered the disposal facility, they reportedly were agitated in the

four reactors and neutralized with lime. After neutralization, the wastes

were sent through troughs to the M-1 basins to settle. The liquid from the

settling basins was decanted through an 18 inch (in.) overflow pipe to three
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pits in Section 36 (Site 36-4) where the effluent was treated with lime before

being discharged to Basin A (Site 36-1)(Plan No. 7164-2030, 1943; Basic

Information Map No. 18-02-01, 1957; Donnelly, 1943; Donnelly, 1959; Ackerman,

1960; RMA, 1945b).

Soill Site No. 3:

This spill area includes the lewisite reactor room of Building 514 where

arsenic trichloride, mercury, and mercuric chloride spills reportedly occurred

and were washed into floor drains that led to the Building 513 decontamination

reactors (Shell, 1985; Kuxnear & Trautmann, 1980/RIC 84269R01; Donnelly,

1985a). No borings were constructed under Task 24 at this site because there

was no evidence that any of these spills escaped the confines of the buildings.

SRill Site No. 4:

Mercury was reportedly spilled behind Building 512 (Shell, 1985j; PICDIR,

1977/RIC 81266R68). Mercuric chloride was used in nearby Building 514 (RMA,

j 1945d). The mercuric chloride utilized for the production of mercury catalyst

was a solid (either powder or chunks), apparently shipped to RMA in 50 to 100

pound drums and stored in a warehouse (Donnelly, 1985b). The catalyst

solution was used to produce lewisite and contained 60 percent mercuric

chloride, 8 percent hydrogen chloride, and 32 percent water. Elemental

mercury would form from the mercuric chloride reacting with iron piping; this

effluent was directed to the decontamination reactors (Spill Site No. 2) and

then to the M-1 settling basins (Spill Site No. 2), where the heavy metal

would theoretically settle out (Rosenblatt & Small, 1975). Further literature

research has shown that tip probability that mercury was spilled behind

Building 512 is low due to the following:

1. V. Pais, Sr., the former RMA employee referenced in the 1977 PMCDIR

report was contacted in a follow-up telephone interview in November

1986 (Pais, 1986). In this follow-up interview, Pais claimed that he

had heard about "a lar&e mercury spill" that occurred prior to his

arrival in 1945, but knew no other particulars. (It is believed that

Pais was referring to tU. !'eury catalyst spill described in this

report under Spill Site No. 39.)
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2. Prior to 1945 (the year that Pais began work at RMA), Building 512

was utilized as a lewisite-filling plant. The building housed

storage tanks for finished lewisite only (COE, 1943; RMA, 1945k).

3. Elemental mercury used on RMA was limited to:

a) That received in small jars and used exclusively in

instrumentation (Donnelly, 1985c);

b) That used by Shell in orsat sampling (see Spill Site No. 24);

c) That used by the Army, CF&I, Hyman, and Shell (1943-1957) in the

rectifier room of the cell building (242) in the chlorine plant (U.S.

Army, undated; U.S. Army, 1967; Hahn, undated; H.K. Ferguson Co.,

1942); and

d) That used in manometers in steam metering stations in the South

Plants area (no metering stations are located in the vicinity of

Building 512) (Bisted, 1975).

In fact, it has been estimated that the Army's use of elemental mercury was

"nothing more than a half pint bottle...over a three month period" (Way,

undated-b).

Although the literature indicates that mercury was not used in or near

Building 512, mercury has been detected in five Task 2 borings in this

vicinity (Ebasco, 1987a). An additional boring was drilled south of Building

512 under the Task 2 South Plants Regional Study (Ebasco, 1986b). Due to the

coverage provided by these six borings, no additional borings were consLructed

around Building 512 under Task 24.

Whereas the probability of mercury being spilled around Building 512 is low,

according to the literature, there may be a possibility of lewisite

contamination inside Building 512. Here, lewisite was stored in six 2,350

gallon tanks in a room with no flooring (COE, 1943). The ground absorbed
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f

spills and leaks and was a continuous source of obnoxious fumes (DMA, 1945g).

Additional field reconnaissance has shown that the floor is presently concrete

and no openings on the building are large enough to allow drill rig access.

For this reason, no borings were constructed inside the building.

Spill Site No. 5:

Between April and No-:-?ber 1943, large amounts of lewisite were reportedly

lost through leakage from pipes and tanks in the lewisite production area

(Shell, 1985; Kuznear L Trautuann, 1980/RIC 84269R01). Crude lewisite was

processed in glass-lined equipment in Building 514 and transferred to

glass-lined storage tanks in Building 514A through porcelain pipes. From

Building 514A the lewisite was then sent to the distillation Building 516.

The pipes and transfer equipment between Buildings 514A and 516 were composed

of iron, which were entirely inadequate to withstand corrosive action (RMA,

1945h; Donnelly, 1985d). This iron transfer equipment is believed to be

inside the buildings (which are connected) because no pipes on the outside are

continuous between the buildings. Mercuric chloride was also reportedly

utilized in this area.

Field reconnaissance in this area yielded no additional evidence of spills or

leaks of lewisite or mercuric chloride around tanks or piping. Piping between

Buildings 514 and 512 will be investigated under Spill Site 40 of this

report. Additionally, two borings were placed in the area of this spill site

as part of the Shell Spills investigation program.

Recent discussions with George Donnelly (Donnelly, 1986) indicate that

Buildings 512, 514, and 516 were not used for lewisite production but were

used for mustard production. However, additional historical research

indicates that this information is incorrect. A review of information from

the Discovery Record indicates that Buildings 514 and 516 (the eastern half of

the plant) were constructed by March 15, 1943, while Buildings 511 and 515

(the western half of the plant) were not finished until August 1943, or five

months after it is known that lewisite manufacturing began. Building 512 was

the structure used to fill the agent into ton containers (RMA, 1943; U.S.,

1953c).
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msill sit& No. 6:

An area of potential lewisite contamination was identified immediately west of

Buildings 536 and 537 (Shell, 1985). The exact nature and area of

contamination has not been identified through research, but these areas are

within the former mustard complex.

Further research has indicated the possibility of two additional areas

possibly involving both mustard and lewisite:

1. The ton container storage yard north of Buildings 537 and 538 (RMA,

1945e) (Shell's Denver Effluent Treatment (DET) facility was

constructed over a portion of this site); and

2. The ton container storage yard east of Building 538 (RMA, 1945e).

This area was also used during Project Eagle, Phase I, between August

1972 and November 1973. Ton containers containing mustard were

drained in Building 537 and then stored in this yard prior to

decontamination in furnaces in Building 538. After decontamination

in the furnaces, the ton containers were again temporarily stored in

this yard (Office of the DA Project Manager, 1975; Woodward, 1970).

Twenty-three ton containers, all apparently empty and decontaminated,

continued to be stored in this area in April 1982 (Jacobs, 1982).

During recent field reconnaissance in 1986, 22 ton containers were

noted in this area; they appeared empty. Two borings were placed in

this area, one boring as part of the investigation of Site 1-3, Task

2, and the second as part of the South Plants Regional Study.

Field reconnaissance of the ton container storage area north of Buildings 537

and 538 (area 1 above) has indicated that this area has been disturbed by

excavation and construction. The majority of the area is covered by tank

platforms, buildings, and pavement of asphalt, concrete, or gravel. Lack of

detailed storage locations and spill history, combined with the construction

disturbance noted above, has led to the decision that borings in this area

would likely not be useful.
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mSill Site No. 7:

In 1955. mustard was observed leaking from one-ton containers stored on an

onpave. area northeast of Building 536 and south of Building 537 (Shell, 1985;

IPCDIR, 1977/RIC 81266R68).

Spill Site No. 9:

In 1980, Shell employees reportedly encountered what they thought to be

mustard as they were installing a sump tank as part of an overhead chemical

sewer between Building 514 and Building 529 (Jones, 1984).

Spill Site No. 9:

This spill area is located approximately 100 ft south of Building 732, at a

fuel loading area near Building 744. The spills involved diesel fuel lost

from hoses while tank cars were being loaded. In 1975, a trailer tanker was

overfilled resulting in a spill of diesel fuel, which was washed down with

about 50 gallons of water. The literature mentions that a truck was also

present in the spill area at this time, and that it was also washed down with

water. The diesel fuel and water reportedly entered the sanitary sewer system

(Pimple, 1975; Shell, 1985).

Spill Site No. 10:

In a letter from E.J. McGrath to T. Bick (Shell, 1985), Building 753 was

reported to have been used for pesticide storage. The reference cited for the

letter refers to "South Plants Contamination Survey and Aemedial Action

Assessment," Vol. I and II (Ebasco, 1985c). That reference cites the

"107 Report" (PHCDIR, 1977/RIC 81266R68) and "Contamination Survey, Rocky

Mountain Arsenal" (AMC, 1973) as authorities for this building

identification. However, neither reference identifies Building 753 as a

pesticide storage building. Rather, Building 753 is identified in these

reports as a stem fitter shop. Contamination within Building 753 will be

assessed as a part of the Task 24 Structures Survey. Although the literature

does not indicate that the Army stored pesticides in Building 753, evidence

does exist to indicate that the Army stored pesticides in Buildings 544 and
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742 in the South Plants area. Information on these pesticides can be found in

this report under Spill Sites 18 and 37, respectively. Additionally,

pesticides were stored by the Army in Buildings 616 and 618 in the rail

classification yard in Section 3. Also, pesticides were stored by the Army in

Building 785 in the northwestern corner of Section 6. Finally, the Army

stored pesticides in Shed 1, Plot 3 in the toxic yard of Section 6.

Spill Site No. 11:

A spill of chlorobenzene reportedly occurred near the thionyl chloride plant

(Building 471) (Shell, 1985). Monochlorobenzene was used between April and

November 1943 as a cooling medium during the heat-developing reaction stage of

thionyl chloride production in the thionyl chloride reaction Building 471.

The monochlorobenzene itself was stored in a 4,400 gallon capacity tank in

Building 472, a single-story structure with cement flooring, containing an

ammonia refrigeration system for the cooling of the warm monochlorobenzene

returning from the reactors, pumps, and piping. The refrigeration piping

between Buildings 471 and 472 was above ground (RMA, 1945w; H.K. Ferguson Co.,

1942a; H.K. Ferguson Co., 1942b; RHA, 1949; H.K. Ferguson Co., 1942c; COE,

1943 b; Donnelly, 1985d).

The only reference for this purported spill of chlorobenzene is Shell

personnel interviews conducted in February 1985 (Shell, 1985). However, Shell

was not yet conducting operations on RHA during 1943, the time of the reported

spill (Kuanear & Trautmann, 1980/RIC 84269R01). There are no documented

chlorobenzene spills near Building 471 during the Army's production of thionyl

chloride in 1943. All deponents queried about this alleged spill had no

knowledge of such an incident. It is suspected that the interviewed Shell

personnel confused this alleged spill with reported spills of chlorobenzene by

Colorado Fuel and Iron Corporation between 1947 and 1948 (Shell, 1985).

Because historical research has failed to more precisely locate this spill and

because six borings were placed in the vicinity of this site as part of the

Shell Spills program, no borings were constructed on this site under Task 24.
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Snill Site No. 12:

The acetylene manufacturing plant operated for a period of eight months from

April to November 1943. Lime sludge from two acetylene generators in Building

522 was discharged to pits outside of the generator rooms from where it was

sent to one of three places:

1) The M-1 settling basins (Spill Site No. 2);

2) The Section 36 lime ponds via overhead lines (Site 36-4); or

3) The sulfur dioxide SO2 disposal plant (Building 524) (IMA 1945r;

RMA 1945s).

Spill Site No. 13:

This spill occurred in the vicinity of arsenic storage silos 523C, 523D, 523E,

523F, 523G and associated conveyance and loading areas. The arsenic trioxides

utilized by the Army were fine, powdery substances. The spill or spills

involved arsenic trioxide dust leaks from silos, conveyors, and hoses (PMA,

1945t; Kuznear & Trautmann, 1980/RIC 84269R01).

Building 523, directly to the east of the silos, housed reactors that had

safety-seal tops. One of these seals apparently failed on April 14, 1943,

resulting in the release of a cloud containing 2,176 pounds of arsenic

trichloride, 1,400 pounds of arsenic trioxide, and 2,800 pounds of sulfur

monochloride (Donnelly, 1986; Chrencik, 1943).

Spill Site No. 14:

During mustard production, "wild" (off specification) batches of mustard that

did not meet desired purity standards were sometimes produced. To eliminate a

"wild" batch, it was sent through overhead piping to disposal reactors

(Building 416 and Building 426) where it was neutralized with caustic. From

the disposal reactor, the batch was piped to decontamination pits (Building

417 and Building 427), where it was further treated with caustic before being

sent to the chemical sewer leading to Basin A (Site 36-1)(RNA, 1945i; Kuznear

& Trautmann, 1980/RIC 84269R01).
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This disposal process was conducted in two distinct areas: the yard west of

Building 412 and the area between Buildings 422 and 471. Within the yard vest

of Building 412, one mustard decontamination pit has been definitely located.

It is 7 ft 4 in. wide, l0 ft l0 in. long, and 6 ft 3 in. deep and has a steel

grid cover (PMCDIR, 1977/RIC 81266R68). Foundations for the disposal reactor

Building 416, caustic makeup Building 415, and the circulating and scrubbing

Building 419 are also present in this westernmost yard. In the area between

Buildings 422 and 471, subsequent construction has destroyed or covered

everything except the disposal reactor Building 426.

Soill Site No. 15:

From July 1945 to 1946, the mustard distillation plant was operational. Crude

mustard was washed with water and allowed to separate. The contaminated

water, containing soluble iron and sulfur compounds, mustard, and "other toxic

and undesirable impurities" (Kuznear & Trautmann, 1980/RIC 84269R01) was

discharged to a decontamination pit that reportedly was located near the

southeastern corner of Building 514 (War Department, 1948b). The pit was

lead-lined concrete, and the wastes were reportedly neutralized with caustic

(Shell, 1985;'Ebasco, 1986a; RHA, 1945j).

Spill Site No. 16:

Waste water, decon water, and clothing treatment impregnation solutions

containing sodium hypochlorite (Kuznear & Trautmann/RIC 84269R01), acetylene

tetrachloride (RMA, 1945x), tetrachloroethylene (Esquibel, undated; Kemper,

1966; Hulbert, 1967; Industrial Hygiene Special Study, 1972),

3-octachlorocarbonalid (Kuznear & Trautmann, 1980/RIC 84269R01), ammonium

chloride (Martin, 1971), polyvinyl alcohol (Esquibel, undated-b), chlorinated

paraffin (Ibid.), disponal (Ibid.), daxad (Ibid.), and dye (Ibid.) were

released from the laundry facility. Until 1957, aqueous waste from the

laundry was discharged to an open ditch that led to the chemical sewer, which

emptied into Basin A (Site 36-1) (Donnelly, 1985e; Kusnear & Trautmann,

1980/RIC 84269R01). Between 1957 and 1979 the wastes were discharged through

the chemical sewer to Basin F. Beginning in March 1979 the waste was sent to

the South Plants waste collection system, which included a 170,000 gallon
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storage tank that was periodically emptied and the contents hauled off-post.

In November 1981, when hazardous substances were no longer present in the

waste streams, laundry discharge was connected to the sanitary sever system

(Value Engineering Project Summary Book, 1981; Barbieri, 1981a & b).

Spill Site No. 17:

The Central Analytical Laboratory, also known as the Quality Assurance

Laboratory, was established at RMA in December 1942 in Building 313.

Initially, it was the only general testing laboratory at RMA (RMA, 1945u).

The mission of the laboratory in Building 313 was to test all materials

procured and used in the manufacture of end items at RMA; to test produced

items to ascertain if they conformed to applicable specifications; to provide

laboratory testing required by all RMA activities; and to conduct surveillance

testing of chemical items stored by various Department of Defense

Installations. The laboratory functioned independently of process control

laboratories at RMA.

Toxic agents received at the Building 313 laboratory were returned to their

respective plants for detoxification. Liquid laboratory waste generated from

the analysis of toxic agents that was considered toxic was detoxified,

collected in large bottles, and thereafter emptied into Basin A. Solid toxic

waste was decontaminated, collected in metal containers, and disposed in a

toxic waste pit located east of Basin A. Similarly, flammable waste,

including flammable material samples, was collected in metal containers and

emptied into these burning pits. The remnants of all nontoxic laboratory

samples were retained and stored for 30 days, after which they were also

disposed in the burning pits. Laboratory waste water from sinks was drained

into an open ditch located at the southeastern corner of Building 313,

approximately 30 feet from the building. The Army estimated that 464,000

pounds of chemical waste were generated based on the testing of 184,400

samples (Kuznear, undated circa 1979).

From 1943 until 1956, the Central Analytical Laboratory discharged liquid

wastes into an open ditch located east of Building 313. This ditch led to a
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series of surface drainage pipes and ditches that merged with the chemical

sewer that drained into Basin A. (RMA Map No. 7164-2323, 1942a; Kuznear &

Trautmann, 1980/RIC 84269R01; Donnelly, 19851). From 1956 to 1978, laboratory

wastes were discharged through the chemical sewer to Basin F (RMA Map No.

D-675C, 1957; RMA, 1972; Kuznear & Trautmann, 1980/RIC 84269R1W).

As previously noted, chemical wastes from the Central Analytical Laboratory

were discharged first to Basin A and then, after 1956, to Basin F. After

1978, laboratory wastes were drummed and then transported to Building 1611 for

incineration (Jones, 1985; HeBm, 1985).

Additionally, drums containing laboratory wastes were stored outside

individual laboratory buildings until April 1982 (McNeill, 1980; Ursillo,

1982a). After April 1982, these weqte drums containing spent laboratory

solvents and reagents were transported to Warehouse 793 for storage prior to

incineraticn (Ursillo, 1982a & b; USEPA, 1982a). There is no information to

suggest that laboratory wastes were disposed at RMA after 1978.

Sometime after August 1982, stored laboratory wastewater was pumped to a

treatment facility in Building 540 and then discharged to the sanitary sewer.

The treatment system consisted of an upflow carbon column and an activated

alumina column and was designed to remove suspended solids, organic compounds,

and arsenic. The U.S. Environmental Protection Agency approved the discharge

based on the treatment process (USEPA, 1982b; McNeill, 1982; USEPA, 1983;

USAERA, 1984).

Spill Site No. 18:

Small spills of petroleum products, paints, thinners, and solvents were

reported in and around the maintenance shops (Buildings 543, 543B, 544, and

545). The exact nature, location, and dates of these spills were not reported

(Kusnear & Trautmann, 1980/RIC 84269R01; Shell, 1985).

Field reconnaissance of this site indicated that there are ground stains and

mounded material along the southern edge of the loading dock and foundation of

Building 543. No other evidence of spills was noted.
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Additional research has also shown that Building 544 contained the DMA pest

control shops from the mid-1950s until 1979. It served the combined functions

of a pesticide mixing room and office. Only a few drum containing pesticides

were actually stored in this structure. The main storage area was part of an

outdoor storage shed housing tractors, pesticides, disposal equipment, and

mowing machinery. It is believed that this shed is Building 545, constructed

in 1953. The pesticide storage section of this shed was enclosed on all sides

with perforated steel planking (PSP) to include the dirt floor. During an

installation pest management program survey conducted between October 6 and

October 9, 1975, it was noted that the dirt floor appeared thoroughly

saturated with pesticides. Prior to mechanized spraying operations,

pesticides were pumped from drums to a storage tank on the sprayer outside of

Building 544. Water or kerosene was mixed with the pesticide in the sprayer's

storage tank. What pesticide mixing occurred inside Building 544 is unknown,

but it is assumed that it involved smaller scale operations (USAEHA, 1975;

PMCDIR, 1977/RIC 81266R68; Lynes, undated). Pesticides stored in Building 544

included organochlorine pesticides, organophosphorous pesticides, and organic

sulphur compounds. A complete listing of pesticides stored in Building 544 is

available for October 6, 1975, and February 7, 1979, (Ebasco, 1987d).

SRill Site No. 19:

Small spills of organochlorine compounds, degreasing solvents, paint

strippers, rust removers, paints, thinners, and other solvents have been

reported in and around the heavy industrial equipment renovation facilities in

Building 751. Building 751 is currently in use. The exact nature, location,

and dates of these spills are not known (Kuznear & Trautmann, 1980/RIC

84269R01; Shell, 1985).

Field reconnaissance of this spill area revealed indoor trenches in

Building 751, draining toward the east end of the building where a drain exits

the wall of the building. The drainpipe through the wall was previously

connected to a vitreous clay pipe, which ran south from the building and

emptied into a low spot between the railroad tracks running along the south

side of Building 751. The vitreous clay pipe is broken, and any drainage from
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the building now dumps onto the ground at the east end of the building.

Stressed vegetation was noted in the area where this drainage now collects.

No other evidence of spills was noted.

Spill Site No. 20:

On November 16, 1981, an unknown quantity of an unknown liquid was observed

leaking from a caustic tank located east of Building 536. The liquid flowed

south under the fence, following the existing surface grade and into a

drainage ditch heading west (Shell, 1985; Pimple, 1981). The drainage ditch

was dammed to contain the flow, which was characterized by RHA Fire Department

personnel as "slight enough to warrant leaving 'as is' pending notification of

plant operations personnel when they report(ed) to duty (two hours after the

incident's discovery)." The caustic tank was checked and no apparent leaks

were discovered in the tank or piping (RNA, 1981). Building 536 is within the

former mustard production complex.

Spill Site No. 21:

No spill site corresponding to this number was listed in the Shell documents

(Shell, 1985). Therefore, this spill was not investigated under Task 24.

Soill Site No. 22:

A 1,200 pound mustard spill (previously reported by Shell as a mercury spill;

Shell, 1985) reportedly occurred in the mustard thaw and unload area of

Building 537 on July 23, 1973 (Scherbath, 1976; Scherbath, 1986), at 0015

hours, during start-up of the mustard facility. Two personnel performing

first-entry monitoring of the thaw room in Building 537 observed that mustard

had leaked around one of the valves of a ton container. All the agent was

observed to be contained in the thaw room. The estimated 1,100 pounds of

agent spilled on the floor and sprayed on the walls was decontaminated by

crews working in relays. Super tropical bleach (STB) slurry was used to

decontaminate surface accumulations. The bulk of the agent was covered with

ST3 and subsequently hosed into the thaw room ventilating trench. After the

addition of more bleach and after steam sparging, the agent-containing

solution was pumped to the Building 536 brine storage tank. Caustic was added

20
Task 24
0282v/0071A
Rev. 8/30/88

ijm m i•m m llllm~n



to the storage tank and to the trench. The brine storage tank was

recirculated until quality assurance laboratory analytical results showed no

agent contact in the brine. The material was then spray dried. The affected

container was taken to the unloading booth, drained, and removed to Building

538 for incineration. There were no exposures, and the plant was back in

operation at 1600 hours on the same day (PMCDIR, 1975).

Since this spill was reportedly contained within the building and cleaned up,

no soil borings were constructed at this site under Task 24.

Spill Site No. 23:

No spill site corresponding to this number was listed in the original Shell

doc-!Aents (Shell, 1985). Therefore, this spill was not investigated under

Task 24.

Spill Site No. 24:

j Mercury was reported to have been spilled around Building 534 during orsat

sampling of acetylene between 1948 and 1975 (PMCDIR, 1977/RIC 81266R68).

However, D.L. Way, referenced in the PMCDIR report, stated in his interview

during the preparation of this report that the mercury was spilled around

Building 534A between 1948 and 1975 (Leibel, 1976). Mercury was employed in

the orsat instrument to withdraw a sample of acetylene into a sack where it

was apparently tested, in order to ensure that the acetylene was free of

oxygen prior to the compression of acetylene gas (Donnelly, 1985f; Way,

undated-a). Julius Hyman Company and Shell produced acetylene at RMA between

1950 and 1974, utilizing the gas as a raw material (together with

cyclopentadiene) in the production of bicycloheptadiene, an intermediate in

the production of aldrin (Shell, 1952a). Hyman and Shell produced acetylene

from calcium carbide and water in Building 459 and stored the acetylene gas in

acetylene gas holders, Buildings 434 and 435. The acetylene gas was then

conveyed through overhead piping to Building 561A, where it was stored in Tank

T-300. In Building 561A, the acetylene was compressed and pumped to Building

561, the bicycloheptadiene unit, where it was mixed with cyclopentadiene in

order to form bicycloheptadiene (M-101) (Shell, 1952b). Building 561A was
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located adjacent to Buildings 534 and 534A. Buildings 534 and 534A were not

used by Shell until 1966, the former as tankage, pumphouse, and storage areas

in support of the planavin nitration unit in Building 534B, and the latter as

a planavin unit shift shack (maintenance equipment storage, field shop, and

foreman's office) (Shell, 1952b). It is therefore likely that, while the

location of Shell's orsat sampling described by Dr. Way is generally accurate,

the reported mercury spills were actually associated with Building 561A.

Five Task 2 borings have been drilled around Buildings 534 and 534A. Analytes

detected 14thin or above their indicator levels include aldrin, dieldrin,

isodrin, methylisobutyl ketone, o- and p-xylene, m-xylene, ethylbenzene,

chlorobenzene, arsenic, mercury, copper, p-chlorophenylmethyl sulfone, and

zinc. One Task 2 boring was drilled approximately 75 ft east of Building

561. Analytes detected within or above their indicator levels in this boring

include aldrin, chlordane, dieldrin, endrin, isodrin, methylene chloride,

chloroform, arsenic, mercury, and lead. Additionally, Boring 5 (Spill Site

No. 2 of this report) will be drilled approximately 25 ft northwest of

Building 561.

Due to the small amounts of mercury suspected in orsat sampling and the lack

of detailed data on exact spill locations, it is unlikely that additional soil

borings in this area would detect the possibly spilled mercury. Therefore, no

additional borings were constructed under Task 24.

Spill Site No. 25:

The white phosphorus cup filling plant was operational in 1945 and between

1951 and 1957. During tiis same period, white phosphorus was also utilized

for the filling of AN-Ml• igniters, M-78 and M-79 incendiary bombs, M-15

grenades, and other ordnance. The white phosphorus cup filling plant

consisted of eight buildings: cup filling and assembly Building 522, cup

testing and storage Buildings 521 and 541, white phosphorus storage and pump

Buildings 523A and 413, warehouse Building 542, phossy water storage tank and

condensate pump warehouse Building 522A, and administration, locker, and

supply Building 517. Buildings 522 and 541 were connected by an enclosed
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passageway. Reinforced concrete trenches ran between Buildings 522 and 523A

and between Buildings 523A and 413 (RiA, 1945j). White phosphorus munitions

filling took place in Building 523 (Donnelly, 1985g).

In 1960, 1966, 1968, 1969, and 1970, there were no cup-filling activities, but

white phosphorus was utilized for the filling of M-24 and H-34 grenades and

l0mm shells (RMA 1945m; RMA, 1951; RMA, 1970). Process water from the

cup-filling and munitions-filling facilities, Buildings 522 and 523, which

came in contact with white phosphorus and called "phossy water," was

discharged from those two buildings. Phossy water was produced when water was

used to: (1) keep white phosphorus covered in its storage tanks; (2) unload

white phosphorus tanks by the displacement method; or (3) preheat white

phosphorus liners in the pipe trench before pumping white phosphorus to the

filling tank (Thompson, 1950; Donnelly, 1985g; Leonard, 1952; Estes, 1949;

Grosser, 1954; Murphy, 1960; Hendershot, 1968). Because of the use of Catalin

cups in 1945, denatured alcohol was present in the white phosphorus cup

filling plant effluent in that year only (Donnelly, 1985h). Additionally, the

contents of copper sulfate coating tanks in Building 522 were disposed

approximately once each month (Digregario, 1986). In 1945 only, this copper

sulfate solution contained sodium acetate (IMA, 1945m; RMA, 1951).

In 1945, waste water from the white phosphorus plant was disposed by discharge

through the chemical sewer line to Basin A. Between 1951 and 1970, based on

the Army's conclusion that phossy water could not be discharged through the

sewer due to its potential to react violently with hydrocarbons discarded by

lessees, the waste was discharged to a drainage ditch south of the plant that

extended through the South Plants area to the Sand Creek Lateral (Donnelly,

1985i; DMA, 1951; RMA, 19451). Another ditch where phossy water may have been

discharged is north of Building 522B (Shell, 1985; USAEHA, 1960).

Spill Site No. 26:

Phosgene gas leaks were reported during the bomb-filling operations in

Buildings 331 and 332 (Figure 24-2) in 1944. Filled bombs were leak tested in

booths within the buildings, and fumes were vented through caustic scrubbing
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towers. Calcium chloride brine was used as a refrigerant in coolers that

chilled liquid phosgene before it was filled into bombs (RMA, 1945n). Hence,

calcium chloride was present in the phosgene plant effluent. Also, during

cold weather, 50 percent caustic, rather than 17 percent, was pumped to the

phosgene-filling plant for use in the scrubbers. On several occasions, water

had to be used in the scrubbers instead of caustic because the 50 percent

solution clogged the transfer line. Phosgene is slightly soluble in water,

but in also hydrolyzed by it, as follows:

COM12 + H20 + CO2.

Army personnel found it necessary to continuously flush the scrubber system

with water and add fresh water to prevent corrosion by the hydrochloric acid

(RMA, 1945o). Therefore, some hydrochloric acid was probably discharged to

the chemical sever from the operation of the phosgene-filling plant. Effluent

generated from the refrigeration system, the scrubbers, and from the painting

of bomb casings (water containing naptha, paint thinner, and oils) was

discharged from the plant through the chemical sewer to Sand Creek Lateral

(RMA, undated; Donnelly, 1943; Kuznear & Trautmann, 1980/RIC 84269R01).

Liquid wastes were discharged to the chemical sewer, and there are no reports

indicating that these wastes escaped the confines of the buildings or were

discharged to the soils outside the buildings. Phosgene is a gas, and it is

unlikely that leaks that may have occurred within the buildings would be

detected by a soil boring program. For this reason, no soil borings were

constructed under Task 24 at this site.

Spill Site No. 27:

Lead aside is reported in one source to have been spilled within Buildings 362

and 365 in unknown amounts at unknown dates. All spills were reportedly

contained within the buildings; the lead azide likely was washed to the floor

drains (Shell, 1985; PH1DIR, 1977). However, additional research has shown

that the manufacture of mines utilizing lead aside, in fact, occurred in

Buildings 1601 and 1606 in North Plants (RMA, 1967b & c). Evidence of

contamination around these buildings is being investigated under Task 42.
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• .7. ........ ... . .

Buildings 362 and 365 were used for the production of sandwich button bombs

between 1966 and 1967. Red phosphorus, magnesium oxide, and potassium

chlorate were combined in the appropriate amounts in Building 365. The bombs

were then assembled in Building 362. (Sandwich button bombs were used as

audible warning devices that would explode when disturbed by moving troops or

equipment.) (Walker, 1967; RMA Drawing No. 16-01-10; RMA, 1942-1947; RMA,

1967a, b, & c.)

No evidence of spills was indicated outside Buildings 362 and 365; therefore,

no Task 24 borings were constructed at this spill area.

Spill Site No. 28:

In 1967-68, the Army manufactured approximately seven million sandwich button

bombs in Buildings 362 and 365 (RMA, 1968). Sandwich button bombs contained

an approximate one-gram charge, of which 0.5 gram consisted of a pyrotechnic

mixture of potassium chlorate and red phosphorus. The other components of the

charge were silica gel, magnesium oxide, and silica (glass) (Sjaardema,

1969). Calibrated amounts of each component were mixed with freon and

inserted into depressions in cup-strips (RMA, 1942-1967). When coated with

freon, the mixture was relatively safe against decomposition. In practice,

when the freon evaporated in the field the mixture was "armed." Red

phosphorus from this process was reportedly discharged to drains with unknown

outlets in these buildings in unknown quantities and on an unknown date (Shell

1985; PMCDIR, 1977/RIC 81266R68).

No evidence of spills outside Buildings 362 and 365 was located, so no borings

were constructed in this area under Task 24. One boring was placed next to

Building 365 as part of the South Plants Regional Study.

Spill Site No. 29:

Between April and November of 1943, during the production of arsenic

trichloride, arsenic sludge was discharged to the M-1 settling basins. There

was a settling basin outside Building 523, which is now covered by an

expansion of the building (Whitman, Requardt, & Smith, 1942a). However, there
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is no information in the literature indicating that this settling basin was

ever used by the Army (Ibasco, 1986b).

Spill Site No. 30:

On March 31, 1952, an RHA switch engine, in the process of attempting to hook

together two lyman-leased chlorine tank cars adjacent to Building 252,

accidently pushed these cars against another Hyman-leased chlorine car being

loaded by Hymen with chlorine at the chlorine plant track scale south of

Building 252 and north of Building 321. This resulted in the breaking of the

loading lines and the release of approximately 3,700 pounds of liquid chlorine

and chlorine gas (Silber, 1952; Matheny, 1952; Smith, 1952a, b, c, & d;

Bejarano, 1952).

Several borings were placed in the vicinity of this spill site as a part of.

the Task 2 Phase I study at Site 2-8. The results of the analyses from these

borings are presented in the Site 2-8 Contamination Assessment Report (Ebasco,

1988). As the chlorine that was released was reportedly in the form of a gas,

it is unlikely that the spill would be detected by a soil boring program. No

soil borings were constructed under Task 24 at this site.

Spill Site No. 31:

Tank car leaks or spills may have occurred at rail sidings where loading and

unloading was done. The leaks or spills may have been due to leaky valves or

fittings on the cars or due to overfilling or accidental spills during the

transfer of liquids (Kuznear & Trautmann, 1980/RIC/84269RO1). There is no

information on the nature of these spills, or when or where they may have

occurred. Where possible, South Plants Regional Study borings were located to

include track areas. No soil borings were constructed in this spill area

under Task 24.

Spill Site No. 32:

In an area within the hydrazine facility, hydrazine drums were flushed with

water at the rate of about 50 drums per month during the late 1960s to

mld-1970s. This washing was done on a concrete pad, and the water was
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channeled to one end of the pad. The wastewater was then drained into a waste

pit, which was an in-ground concrete tank or sump (Employee Interviews,

1985).

In addition to potential contamination caused by drum washing, another

incident in this area has been reported. On the morning of November 22, 1975,

an RNA security patrol discovered that hydrazine storage tank US-4 (capacity

200,000 gallons), located at the east end of the hydrazine facility, was

floating in liquid that had filled the concrete diked area surrounding the

tank. The liquid was attributed to the fire protection system that had been

tripped, causing filling and overflowing of the diked areas around tanks US-3

and US-4. Nitrogen feed lines, vent lines, and other associated equipment

were damaged. No damage to or leakage from tank US-A was thought to have

occurred, so the fire protection system was turned off and the diked areas

were pumped out. The contents of both tanks were pumped into tank cars for

temporary storage. A subsequent inventory discovered 2,000 pounds of

unsymmetrical dimethyl hydrazine (UUM) apparently lost during the incident

(Loven, 1975; Esquibel, undated-a).

Potential soil contamination in and near the hydrazine facility is being

investigated under Task 11. No Task 11 borings were drilled in the waste pit,

as there was standing liquid present. The standing liquid appears to be

present on a constant basis and will not be pumped out until the pit is

prepared for removal. The standing liquid was sampled in February 1987 under

Task 34. Information can be found in the Task 34 Draft Final Contamination

Assessment Report (Ebasco, 1988a).

Several borings and wells have been placed in the hydrazine facility, in the

vicinity of the above-mentioned incidents under Task 11 (Ebasco, 1986a). No

additional borings were constructed under Task 24.

Spill Site No. 33:

A mercury spill occurred in an instrument laboratory in Building 543 on or

prior to March 1, 1983. The instrument laboratory had been shut down and was
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inspected on March 1, 1983, by the Army's preventive medicine branch during a

routine preventive inspection of the Rocky Mountain Arsenal. Visible droplets

of mercury were seen on a workbench, wall shelves, and an area of the floor

with a 2 to 3 ft radius. The spill resulted from a broken manometer and

involved an estimated 2.65 cubic inches of mercury. The spilled mercury was

cleaned up and the area scrubbed and mopped several times. In addition, a

mercury vacuum cleaner was brought to the site and used. By March 10, 1988,

the area was rechecked, and no indication of the presence of mercury was found

(Giddens, 1983a; Giddens, 1983b; Hartberger, 1988; Mack, 1985). Due to the

small amount reported spilled, no borings were constructed on this site under

Task 24.

Spill Site No. 34:

An explosion occurred at the mouth of a charging hopper of acetylene

generating unit no. 4, in the southeastern portion of Building 543, on

March 30, 1943 (DePue, 1943; Roehrich, 1943; Hartley & Johnson, undated; RMA,

undated-a). No information indicates that substances were spilled.

Since the spill occurred within the building, and information does not

indicate possible escape of contamination to the ground, no soil borings were

constructed under Task 24.

Spill Site No. 35:

An uncontrolled release of a "relatively large quantity" of GB (nerve gas)

occurred April 19, 1953 in Building 1501 (reported as "Building 501" in somp

references). The GB spill was neutralized with caustic and the resulting

mixture was stored in 55 gallon drums (Baird, 1953). Building 1501 is located

in the North Plants, and several borings have been placed around it under

Task 42. No borings were constructed at this site under Task 24.

Spill Site No. 36:

A spill of hydrofluoric acid allegedly occurred in Building 1501 in the North

Plants area. The exact volume and location of the acid spill is unknown.

Other spills may have occurred in and near the building (Cochran, 1985). No

information is available on the locations, dates, or exact nature of spills in
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and near Building 1501. Several borings have been drilled around this

building under Task 42. No borings were constructed at this site under

Task 24.

Spill Site No. 37:

Building 742 reportedly was used as an incendiary bomb plant. The use of

paint thinners and lacquers may be associated with this site. This building

was not connected to the chemical sewer system at the time that the building

was in use as an incendiary bomb plant; wastes were carried from the building

by a pipe that emptied into a ditch at the southeastern corner of Building 742

(Ebasco, 1986a). The ditch flows southeast, angles north past the eastern

side of the hydrazine facility, and then heads east into Section 6.

Approximately 600 ft into Section 6, the ditch again heads north, and

terminates in a depression in Section 31, approximately 400 ft north of

December 7th Avenue and 700 ft east of "E" Street (Stout & Abbott, 1982/RIC

83368R01; Whitman, Requardt, & Smith, 1943a).

Building 742 was used intermittently from March 1953 to November 1955 for

filling munitions with distilled mustard (RMA, 1953a, b, & c; RMA, 1954a & b;

RMA, 1955b, c, & d).

A spill to the ditch involving an unknown quantity of concentrated mixed acid

(sulfuric and nitric) occurring during or before 1955 is recorded in the

literature. The literature indicates that the acid spill was neutralized near

the head of the ditch using sodium hydroxide (RMA, 1955a). Additionally, the

soils in the area are naturally slightly alkaline; this may have provided

additional buffering or neutralization. Field reconnaissance by Ebasco

yielded no trace of the spill; vegetation growing in and around the head of

the ditch did not appear to be stressed. Given the nature and age of the

spill, the reported neutralization of the acid, and the lack of any visible

evidence of the spill, it is unlikely that traces of the acid spill are still

present. No samples will be analyzed for residues of the acids.
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In March 1980, a pest control shop, which met both Federal and Army standards,

was constructed in Building 742. Any spillage during mixing was contained in

the sinks within the building and discharged into an above-ground wastewater

storage tank. The tank's contents werA pretreated with a granular activated

carbon and ion exchange system and then discharged to the sewage treatment

plant (USAEHA, 1979; USAEHA, 1980; I.T. Construction, 1984). In addition,

herbicides, rodenticides, and pesticides were stored in Building 742 (Marlow,

1986). A list of these materials and their quantities is available (Ebasco,

1987c).

Spill Site No. 38:

The salt storage pad was built in 1942-1943 as a component of the chlorine

plant. The pad was used to store salt, which was used to create brine. From

this brine, chlorine and caustic were manufactured (War Department, 1943).

The salt pad is a curbed pad composed of concrete slabs joined together by

expansion joints (Donnelly, 1985j). It measures approximately 330 by 150 ft

and is sloped so that the north side is lower than the south side (RMA,

1942b). The Army used the salt pad in its chlorine plant production

operations during World War II from April 10, 1943, to August 15, 1945 (RNA,

1945p).

On January 24, 1947, Colorado Fuel and Iron (CF&I) entered into a lease for

the chlorine plant facilities (Lease No. W-25-075-ENG-7920, 1947). CF&I

ceased chlorine plant operations in early 1949. Julius Hyman Company

expressed interest in leasing the chlorine plant from the government and

entered into a lease for the chlorine plant facilities in December 1949

(Silber, 1949) (Sup. Agreement, Lease No. W-25-075-ENG-7920, 1949). Shell

subsequently acquired Hyman's interest in this lease. Shell/Hyman chlorine

plant operations began on February 1, 1950, and ended on June 19, 1953

(Streich, undated-a, b, & c).

On March 6, 1956, at the Army's request, Shell made the salt pad (Building

247) available to the Army (Johnson, 1956; Bejarano, 1956). In preparation
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for the GB brine project, the salt pad was lined with sheets of prefabricated

asphalt in May 1956 (Donnelly, 1956; Gay, 1956; Staff Conference No. 14, 1956;

RMA, undated-c).

The Army incorporated the salt pad into the chlorine plant de'ýant system in

June 1956 (Cochran & Alker, 1958). At some time prior to the activation of

the chlorine plant in September, 1956, several tank cars of GB scrubber brine

were emptied onto the salt pad. Although no records were made of this

incident, engineers assumed that the volume was several hundred-thousand

gallons. The approximate composition of the brine by percentage weight:

Step IV Effluent Step V Effluent

NaC1 19.751 22.14%

NaOH 0 .33%

NaF .941 .64%

Total Phosphorus .91% .24%

Na 2 02 POCH 3  4.121 1.08%

Na3PO4  01 0O

Na2SO 4  Tr. 0%

Na2CO3  Tr. Tr.

Isopropyl Alcohol 1.03% Tr.

Water 73.25% 75.571

(Cochran & Alker, 1958).

In order to increase the efficiency of the settling operations, the Army began

using the salt pad as a settling basin. Beginning in January 1957, calcium

treated brine from the decant tanks was allowed to flow to the pad and

settle. Liquid was either drawn-off into intermediate storage or filtered to

remove precipitates. This settling operation continued through April (Cochran

& Alker, 1958).

In February 1957, the Army began pumping the sludge from the clariflocculator

onto the salt pad (Shell, 1955; U.S. Army, 1956; RMA, 1957). The approximate
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composition of the calcium-treated brine by percentage weight:

NaC1 24.1%

NaOB 0.1%

Na? 0.11

Na 2 CB3 PO4  0.11

CaC1 2  0.4%

CaF 2  0.6%

CaCH 3PO3 1.4%

Other 0.11

Water 73.1%

The approximate composition of the clariflocculator sludge by percentage

weight:

NaC1 18.41

NaOH 0.1%

NaF TR.

Na 2 CH 3 PO4  0.11

CaC1 2  0.2%

CaF2  5.61

CaCH3 PO3  13.8%

CaCO3  3.1%

Filter Aid 1.4%

Other 1.2%

Water 56.1%

(DMA, 1957).

The Army ceased chlorine plant operations in May 1957 (Cochran & Alker, 1958).

In July 1965, the Army informed Shell that solids (i.e., filter cake)

generated daring aldrin production could no longer be dumped into Basin F.

The Army suggested that this waste be dru med and offered Shell the use of the

salt pad as a drying facility. In a letter dated July 30, 1965, the Army
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informed Shell that effective October 30th, solid wastes must be placed on the

"salt pad (U.S. Army, 1965; Burke, 1965; Williams, 1965). The salt pad was

cleaned and made available for Shell's use; it is not known whether the

asphalt lining was removed at this time.

Aldrin filter cake, which consisted primarily of diadduct (an insoluble

hydrocarbon) and aldrin (a Shell and-product), was formed in the aldrin

reaction (Knaus, 1972; Shell, 1960; Kauffman, undated). Although the exact

composition of the aldrin filter cake was unknown, infrared analysis performed

in 1959 and 1961 also revealed the presence of toluene and isodrin, an endrin

process intermediate (Jones, 1959; Shell, 1961).

Between 1966 and 1969, Shell discharged filter cake from the aldrin and

dieldrin processes onto the salt pad. During this period, approximately 1.1

million pounds of aldrin process filter cake and 36,000 pounds of dieldrin

process filter cake were discharged onto the salt pad. Shell may have also

stored dumed waste on the pad as early as May 1970 (Knaus, 1972; Hartman,

1970).

In 1970, the Army considered using the salt pad for the storage of solid

wastes from mustard incineration, but this practice was not adopted (Hartman,

1970; Moss, 1970).

Shell began using the salt pad as a staging area for off-site drum shipments

in the fall of 1971 (Knaus, 1971; Staaterman, 1972; Knaus, undated; Shell,

undated-b). In 1973, Shell excavated two trenches in Section 36 and placed

the contents on the salt pad. The material in the trenches included drums

containing solids and liquids, pipe, filter cartridges, and process material.

Whether the drums leaked is unknown. In 1974, the filter cake and the

material from Section 36 was driamed and shipped off-site (Boyd, undated; Eck,

1982; Augenstein, undated).

Shell continued to use the salt pad as a staging area for off-site drum

shipments. Whether the drums leaked is unknown. After 1973, all drummed

hazardous material that was to be sent off-site was stored on the salt pad.
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The salt pad was also used to store contaminated pipe and wooden pallets.

Standing water in the salt pad was an ongoing concern. Pumps were installed

in 1978 to divert this potentially contaminated water to the Denver Effluent

Treatment Unit. Use of the salt pad for drum storage was suspended in

February 1979 (Knaus, undated; Plmmer, 1979; Boyd, undated; Plummer, 1970;

Swift, 1980; Augenstein, 1973; Memorandum of Discussion, 1976).

In the early 1980s, Shell used the salt pad as a storage facility for a

variety of potentially contaminated material. In the spring of 1981,

contaminated soil from the chemical sewer project was stored on the salt pad.

Solid waste created by Shell during the dismantling of production units in

1982 was dr mmed, labeled, and hauled to the salt pad for off-site disposal

(Swift, undated-a; Eck, undated-b; Schneider, undated; Hahn, undated).

As originally constructed, the salt storage pad was part of the salt storage

unit, which was designated as Building 247. The salt storage unit consisted

of inactive and nosal units. The inactive unit was the salt storage pad.

The normal storage unit consisted of six wooden storage tanks, each with a

capacity of 50,000 gallons, and the salt unloading equipment (RHA, 1945q).

Potential soil contamination related to activities at this site is being

investigated as Site 2-6 under Task 2. Five Phase I borings have been drilled

in and around the salt storage pad. Analytes detected within or above their

indicator levels include aldrin, dieldrin, atrazine, 1,2-dichloroethane,

p-chlorophenylmethyl sulfone, p-chlorophenylmethyl sulfoxide, copper, lead,

and zinc. Four surface grab samples were collected from the mounded materials

now present on the pad. Analytes detected within or above their indicator

levels include aldrin, dieldrin, chlordane, isodrin, dibromochloropropane,

p-chlorophenylmethyl sulfone, p-chlorophenylmethyl sulfoxide,

hexachlorocyclopentadiene, arsenic, cadmium, copper, lead, mercury, and zinc

(Ibasco, 1987b). Ten Phase II borings and 46 samples implemented at this site

as a part of activities under Task 2. No additional borings were constructed

at for this spill area under Task 24.
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Saill Sit. No. 39:0

Lewisite was manufactured at IKA from April to November 1943 (MA, 1945).

During this time the Army spilled approximately 500 gallons of mercury
catalyst used in the lewisite production process. The spill was initially

reported as being north of Building 537, but apparently actually occurred in

the lewisite reactor room in Building 514. A valve was accidently opened, and

approximately 500 pounds (also referred to as 30,000 gallons and $25,000

worth) of mercury catalyst were released to the Building 513 decontamination

reactors and then to the K-1 settling basins (Spill Site No. 2) (RMA, 1943;

U.S., 1953; CON, 1943; Donnelly, 1985a, a, & n). No borings were constructed

at this site under Task 24.

Spill Site No. 40:

In 1945 and 1946, distilled mustard leaks may have occurred when the Army was

transferring materials from the finished supply tanks to the finished storage

tanks (initially reported as between Buildings 512 and 514). The transfer

lines reportedly developed numerous leaks due to the corrosive action of the

acid in the finished mustard product (RMA, 1946). The transfer lines have

been removed. The actual location of these lines was between Buildings 512

and 516 (Donnelly, 1987).

Spill Site No. 41:

Between 1943 and 1945, spent acid reportedly leaked from holes that developed

in the line from the spent acid tank to the sewer. The leaks caused the

ground to swell, making nearby buildings structurally unsafe and requiring the

construction (in 1946) of a new acid mist and storage building in the chlorine

plant. Evidence of the structural damage from the ground swelling is visible

on the northern wall of Building 243 (Donnelly, 1986).

3.0 SITE INVE]STICATYI

3.1 PREVIOUS SOIL INVESTIGATIONS

The regional soil type in the vicinity of RMA is of the Ascalon-Vona-Truckton

Association. This association consists of loamy and sandy soils formed in

wind-laid deposits on uplands that are somewhat excessively drained to well

35
Task 24
0282v/0071A
Rev. 8/30/88L



drained (Kolmer and Anderson, 1977/RIC 81295R07). The soil type within the

South Plants area is predominately Ascalon loam; a portion of the southwestern

part of the area is Truckton sandy loam. Both soil types have 1 to 3 percent

slopes (USDA, 1974).

Resource Consultants (1982/RIC 83234R01) describes these soils as having a

moderate to high infiltration rate of 1.5 to 15.2 centimeters per hour

(cm/hr). In August 1983, ten infiltration tests were conducted by Resource

Consultants in the Basin A/South Plants area. The tests in the area of the

South Plants manufacturing complex indicated dry soil infiltration rates of

0.23 to 5.21 cm/hr, averaging 1.96 cm/hr, considerably lower than those

previously indicated.

3.2 PHASE I SURVEY

3.2.1 phase I Program

Based on historical information and elimination of sites that were to be

Sinvestigated by other tasks, 21 of the 41 Army spill sites were selected for

sampling under Task 24. Table 24S-1 presents a list and brief description of

each site. Two sites were eliminated because they are being investigated

under the Task 42 program in the North Plants (Sites 35 and 36) and two were

eliminated because there was no site description in the Shell letter (Sites 21

and 23). Three sites were not sampled in this task because Task 2 borings are

located at or near the sites (Sites 1, 30, and 38). Site 32 is in the

hydrasine facility, which is being investigated under Task 11. Five sites

were within buildings, and the historical record contained no evidence that

the reported spills were not contained within the buildings (Sites 3, 22, 33,

34, and 39). Further historical research indicated that there was little

likelihood of spills having occurred at six of the sites (Sites 4, 11, 24, 26,

27, and 28). Site 31 was described by Shell as consisting of leaks and spills

from tank cars along the rall lines. This information was too general to

locate any particular spills; however, Borings 6, 27, 7, 43, 36, 37, and 40

were placed along railroad tracks as part of the investigation of other sites

in this task. Additionally, fourteen borings from the South Plants Regional

Study have been placed along railroad tracks.
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Table 248-1. Rocky Mountain Arsenal Army Spill Sites Investigated in

Task 24 (Spills). Page 1 of 6

Army
Spill Site No. Location Description of Spill

I Section 1; north of Toluene spill (late
Building 511. 1950s).

2 Section 1; Building M-1 (lewisite) disposal.
513 and unlined basins
north of Building 512.

I

3 Section 1; lewisite Arsenic trichloride,
reactor rooms of mercury, and mercuric
Buildings 511 and 514. chloride spills.

4 Section 1; behind Mercury spill (not
Building 512. verified).

5 Section 1; lewisite Mercuric chloride,
production area arsenic oxide,
(includes Buildings 511, acetylene, and
512, 514, 515, and 516 lewisite lost through
and surrounding areas). tank/pipe leaks.

6 Section 1; an area west Lewisite spills
of Buildings 536 and 537. (not verified).

7 Section 1; northeast of Mustard leaks from
Building 536 and south one-ton containers
of Building 537. stored in an unpaved

area (mid-1950s).

8 Section 1; area between Possible mustard
Buildings 514 and 529. breakdown products

encountered by Shell
during installation of
a sump tank in the 1980s.

9 Section 1; area south Diesel fuel spill due
of Building 732. to tank overfilling on

December 18, 1975.

10 Section 1; Building 753. Pesticides and herbi-
cides stored by Shell
(no spills reported).
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Table 24S-1. Rocky Nountain Arsenal Army Spill Sites Investigated in
Task 24 (Spills). Page 2 of 6

Army
Spill Site No. Location Description of Spill

j 11 Section 1; near Building Chlorobenzene (unknown
471. quantity).

12 Section 1; holding Lime sludge from the
pits outside of Building acetylene generators.
522; N-1 settling ponds
(Army Spill Site No. 2);
Building 514 (SO2 disposal
plant).

13 Section 1; arsenic Arsenic trioxide dust
trioxide storage silos leaks from silos,
523C, 523D, 523E, 523F, conveyors, and hoses.
523G and associated
conveyance and loading
areas.

14 Section 1; mustard Incompletely neutralized
decontamination pits, unacceptable or wild
Buildings 417 and 427. batches of mustard in

decon pits.

15 Section 1; decontami- Contaminated mustard wash
nation pit near the water (containing soluble
southeastern corner iron, sulfur compounds,
of Ouilding 514. and mustard).

16 Section 1; laundry Wash and decon water and
and clothing treatment impregnation solutions
facility (Building 314), containing trichloro-
unlined surface ditch ethylene, solutions of
east of Building 314. chlorinated paraffin

octachlorocarbonilide,
and octachlorocarbon-
ilide and zinc oxide.

17 Section 1; Building 313 Laboratory sink drainage/
and open ditch east of wastewater disposal.
Building 313.

I
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Table 24S-1. Rocky Mountain Arsenal Army Spill Sites Investigated in
Task 24 (Spills). Page 3 of 6

Army
Spill Site No. Location Description of Spill

18 Section 1; areas in and Small spills of
around the maintenance petroleum products,
shops (Buildings 543 and paints, thinners,
544). and solvents.

19 Section 1; areas in and Small spills of organo-
around the heavy chlorine compounds,
industrial equipment degreasing solvents,
renovation facilities in paint strippers, rust
Building 751. removers, paints,

thinners, and other
solvents.

20 Section 1; flow from Leak of unknown
caustic tank east of liquid November 16,
Building 536 into 1981.
drainage ditch west of
the tank.

21 Spill number listed No site description in
in Shell letter (May 1985) Shell letter (May 1985);
but no location given, unknown spill.

22 Section 1; Building 537 1,200 pound (lb) mustard
(mustard thaw and unloading spill (1971); 1,200 lb
area). total spills of mustard

washed to drains.

23 Spill number listed in No site description in
Shell letter (May 1985) Shell letter (May 1985);
but no location given, unknown spill.

24 Section 1; in and near Mercury spills, 1969-
Building 534. 1978, during orsat

gas sampling of
acetylene.

25 Section 1; drainage "Phossy water" wastes
ditch north of Building from white phosphorus
541. cup filling operations,

diverted to a ditch north
of Building 541 to
minimise the explosion
hazard in the building.
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Table 24S-1. Rocky Nountain Arsenal Army Spill Sites Investigated in
Task 24 (Spills). Page 4 of 6

Army
Spill Site No. Location Description of Spill

26 Section 2; pbosgene bomb- Phosgene leaks from
filling facilities, bombs during operation
Buildings 331 and 332. of phosgene bomb

filling plant, 1944.

27 Section 2; drains in Several spills of lead
Buildings 362 and 365. aside to drains.

28 Section 2; drains in Several spills of red
and beneath Buildings phosphorus to drains.

0 362 and 365.

29 Section 1; former settling Arsenic sludge from the
Sbasin now beneath arsenic trichloride

Building 523. reactor washdown, dis-
charged to an external
settling basin (later
covered in an expansion
of Building 523).

J 30 Section 2; adjacent to Release of approximately
Building 252. 3.700 lbs of chlorine

(reportedly in gaseous
form) on March 31, 1952,
when an Army-operated
train engine pushed two
cars into a chlorine
tank car being loaded
onto a track scale.

31 Sections 1 and 2; along Chemicals possibly
railroad sidings, spilled from tank cars

due to leaky exit valves.

32 Section 1; near the hydra- Water used to flush
sine facility. hydrazine drums ran

onto the ground (about
50 drums per month were
flushed during the late
1960s to mid 1970s).
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Table 248-1. Rocky Mountain Arsenal Army Spill Sit*# Investigated in
Task 24 (Spills). Page 5 of 6

Army
Spill Site No. Location Description of Spill

33 Section 1; Building 543, Mercury spill in lab
instrument laboratory. on March 1. 1983; was

cleaned up.

34 Section 1; southeast por- Explosion at mouth of
tion. of Building 522. charging hopper of

acetylene generating
unit no. 4; March 30,
1943.

35 Section 25; Building 1501. Uncontrolled release of
"relatively large
quantity" of GB, which
was neutralized with
caustic; neutralized GB
mixed with caustic was
disposed into 55 gallon
drums; occurred April
19, 1953.

36 Section 25; North Plants Spill of hydrofluoric
area (near Building 1501). acid in Building 1501;

other spills may have
occurred in and near the
building.

37 Section 1; ditch beginning Spill of concentrated
at southeastern corner of mixed acid (sulfuric and
Building 742. nitric) neutralized near

the ditch head with
sodium hydroxide.

38 Section 2. salt storage pad. Storage of inactive
salts (1943-1945) and CB
brine (1956-1965).

39 Section 1; within Building Spill of about 500
537. gallons of mercury

catalyst during the late
1940s.
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Table 24S-1. Rocky Nountain Arsenal Army Spill Sites Investigated in

.1 Task 24 (Spills). Page 6 of 6

Army
Spill Site No. Location Description of Spill

40 Section 1; between Buildings Leaks of distilled
512 and 514. mustard gas during

transfer of materials
between tanks (1945,
1946).

41 Section 2; chlorine plant Leaks of spent acid.
(west of Building 242).
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1

I

42
Task 24
0I22v/0071A
Rev. 8/30/88

ii



[.
SForty-four borings were to be drilled to depths ranging from 5 to 20 ft as

part of the Phase I program at the 21 sites to be sampled. The boring density

for the Army Spill Sites was planne4 in conjunction with the South Plants

Regional Study (Sbasco, 1966b & c; Sbasco, 1987d) according to the criteria

presented in the Task 2 Technical Plan (Ebasco, 1985&/RIC 87006101). Also a

general criterion of at least one boring, but no more than three borings, was

used to determine the n~uber of borings planned for each individual spill

site. lowever. these general criteria were modified as appropriate to provide

coverage, coordinate with other Phase I soil boring programs, and provide

adequate information to meet the overall Army Spill Sites program objectives.

Additionally, 1 surface grab sample and 3 composite trench samples at 0.5 ft

below the ground surface were planned. This sampling program was to yield 163

samples. Ninety-four soil gas samples were also planned. (The soil gas

samples were to undergo separate analysis and were not to be included in the

total number of samples submitted to project laboratories.) After the results

of the analyses of the soil gas sampling were obtained, additional soil

borings were to be placed as necessary to characterize the nature and extent

of soil contamination at the site.

In implementing the Phase I program, field reconnaissances of the sites were

conducted to assess and stake sampling locations. Three borings were moved

within their sites from their planned locations as a result of the field

reconnaissance. Boring 34 (Site 14) was relocated because the planned

location was covered with asphalt. Boring 35 (Site 14) was moved to a sump

that was judged in the field to be an area of potentially higher

contamination. Boring 41 (Site 37) was moved to the drainage area for a pipe

that drains Building 742.

The three composite samples that were to be taken from shallow trenches dug

parallel to three of the overhead pipes at Site 40 were modified to enable

better sampling coverage. Three 18-point grids were established: one at a

pipe bend, the other two at evenly spaced intervals along the length of the

pipe runs. The grids were 20 ft long and 12 ft wide, the total width of the

pipe runs. For each sample, sampling tubes were hand augered to a depth of 1I
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ft at each of the $rid points. Each composite sample was made up from the 6

inch to 1 ft portion of these 18 cores.

Additionally, five borings were drilled in locations that differed from those

originally planned as a result of decisions made during drilling operations.

Boring ) (Site 5) was moved 1 ft from its originally planned location because

a buried pipe was hit. Boring 11 (Site 17) was moved upstream in the drainage

ditch because the original location proved to be under power lines, which

posed drill-rig access problems. Borings 24 and 25 (Site 12) were to

investigate two reported disposal pits for lime sludge from acetylene

manufacturing. The original boring locations, north of Building 522, were

planned based on information available during the writing of the Technical

Plan. When Boring 24 was actually drilled, core samples showed material in a

nondisturbed condition down to the Denver Formation indicating that this

location had never been a disposal pit. Additional research in the RNA

building drawing archives located a drawing of the Building 522 acetylene

manufacturing complex, which indicated that the two pits had been constructed

closer to Building 522 than previously thought. One pit is now covered by an

addition to Building 522. Since it was not possible for a drilling rig to be

placed in this portion of the building, Boring 24 was not redrilled. Boring

25 was relocated west of Building 522 directly over the second pit. Boring 26

(Site 25) was drilled to 1 ft, abandoned due to equipment problems, and

relocated approximately 2 ft east. Boring 42 (Site 37) was moved 4 ft south

down the ditch to avoid a concrete layer.

Boring 3, located in the middle of a reported lewisite disposal pit at Site 2,

was not completed because M1SA2 test kit monitoring indicated the presence of

the Army agent lewisite in a composite soil sample from the 5 to 10 ft

interval. The indication of lewisite or a compound that degrades to acetylene

in the presence of caustic was subsequently identified by the RNA laboratory.

All samples from this boring were retained by the Army due to the possibility

of the presence of lewisite; this boring was not redrilled. Boring 2, which

was to have been drilled in the disposal pit directly west and adjacent to the

pit that contained Boring 3, was not drilled because of the possible presence
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of lewisite in Boring 3. A positive field indication (HISA2) for lewisite

also occurred for a composite soil sample from the I to 5 ft interval at

Boring 5. The RNA laboratory did not confirm the possible presence of

lewisite at this boring; however, the soil samples were destroyed during the

screening so this boring had to be redrilled. A new laboratory test has been

developed at the DMA laboratory that will distinguish lewisite and lewisite

oxide from other compounds. A resampling of the intervals of Boring 3 that

showed the highest concentrations of acetylene in the laboratory analysis is

planned. Boring 1 at this site was also redrilled. Because samples from a

completed drilling of Boring 1 were in the same cooler as samples from the

first attempt to drill Boring 5, these samples were mistakenly disturbed

during the DMA laboratory analysis of the samples from Boring 5. During the

subsequent redrilling of Boring 5, positive field indications of lewisite were

again registered on the M18A2 test kit at the 1 to 5 and 8 to 10 ft

intervals. These were not confirmed by the RMA laboratory. Drilling was

halted after each lewisite field test and resumed after the laboratory's

negative findings were received.

Three borings were drilled at Site 15, two more than originally planned. Both

Borings 13 and 13A were attempts to drill through the concrete liner of a

reported mustard decontamination pit. Boring 49 was added in the field to the

investigation of Site 15 to determine the presence and depth of the

decontamination pit at the site. However, a grab sample from the cuttings was

extracted and analyzed because a reddish-brown oily liquid was noted.

Site 14 included a pit reportedly used for mustard disposal. Several attempts

were made to collect samples from within and below the concrete liner of the

pit. The first attempt (Boring 33) to drill through the bottom was aborted

after standing water was encountered in the pit above the concrete base.

Instead, a hand driven sample of the sludge was collected from about 2.1 to

2.6 ft. A second sampling effort (Boring F33) recovered additional, more

representative samples of the sludge from 3 to 6 ft. The pit sludge was then

excavated by backhoe and the liquid pumped into drums to clear a place for the

augers. Boring A33 was completed at the water table and all samples were

collected at the designated intervals.
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j Soil gas surveys were conducted at Spill Sites 9 and 18. Historical

literature for these sites did not reveal specific spill locations but did

indicate the chemical nature of possible contamination. These contaminants

lent themselves to detection by soil gas methods. Field reconnaissance also

did not reveal all spill locations. In order to locate areas of potential

contamination, a soil gas screening study was conducted at each site, and the

results were used to delineate contaminated areas and to direct the placement

of soil borings.

The soil gas sampling technique utilized a grid at both Sites 9 and 18.

Sample spacing was chosen at each site based on the site's estimated total

area, the estimated number of possible release locations within the area, the

surface drainage patterns at these possible release locations, and the

volatility of the chemicals being investigated. Sample density was increased

in zones with higher contaminant probability. Sample locations were completed

as indicated in the Task 24 Technical Plan (Ebasco, 1987a).

Four control areas were also sampled during the soil gas studies. The purpose

of the control areas was to establish a background level for soil gas

concentrations present at the sites. Three of the control areas were located

within the South Plants manufacturing complex (Figure 24S-4). Information

from these areas was used to determine if contamination detected at a site

were unique to the site, if it were uniformly present in the South Plants

area, or if it were due to a nearby unrelated source. The fourth control area

was located in an area that previous investigations had indicated was

contaminant free and also exhibited hydrogeological characteristics similar to

those present at the spill sites (Figure 24S-5). Each control area consisted

of three sample points, all analyzed for aromatic and aliphatic hydrocarbons

and methylethyl ketone, with one of the points additionally analyzed for

chlorinated hydrocarbons. These analytes correspond with the analytes tested

for at the spill sites.

The three control areas in the South Plants complex were located to include

samples from positions upgradient and downgradient of each site. Control
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Area 1 is located upgradient and Control Area 2 is located downgradient of

Spill Site 18. Control Area 2 also serves as the upgradient location for

Spill Site 9 because this site is located downgradient of Spill Site 18 along

the same approximate groundwater flow line. Control Area 3 is located

downgradient of Site 9. The upgradient locations wore designed to detect

potential contamination present in groundwater moving into the site. The

downgradient locations were designed to detect potential contamination

leaving the site, possibly contributed to the groundwater by the site (Figure

24S-4). An attempt was made to position these control areas with respect to

the velocity of groundwater/solute flow; however, the probability of

fractured aquifer material made velocity calculations inappropriate.

Instead, locations were chosen as close to the site as possible where no

visible surface contamination had been noted, similar depths to water had

been calculated, surface drainage from the site would not be channeled, and

the possibility for contamination from the site or other sources appeared low.

The location for Control Area 4 was chosen in the southeastern corner of

Section 8 (Figure 24S-5). Wells and soil borings in this area show no

contaminants above detection levels and a depth to groundwater similar to

that present at the spill sites. This control area was chosen in order to

reveal if soil gas detections could occur in areas shown to be clean by other

methods.

The results of the control areas were helpful in interpreting the data

gathered at the spill sites. No control area sample points revealed

detectable levels of target compounds. The general absence of detectable

levels of soil gas in the control areas showed that contamination detected at

a site was likely to be unique to the site.

Target Environmental Services provided field and analytical support for the

soil gas survey of both Sites 9 and IS as outlined in the Task 24 Technical

Plan (Ebasco, 1987a). Analytical results from the soil gas survey at Site 9

(fuel spill) showed elevated soil gas fuel signature levels in two areas

within the original grid and one area along the northernmost row of sample

stations (Figure 245-6). The detections in the northernmost row show only

the southern boundary of a contaminated soil gas plume and suggested that
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potential comtamination exists north of the originally sampled area. In order

to determine the north, east, and vest extent of this potential contamination,

follow-up soil gas work was conducted by Easco using a less expensive,

real-time, portable gas chromatograph. This follow-up work delineated the

soil gas plume boundaries and indicated where potentially contaminated soil

was likely to exist (Figure 248-6).

j A total of 21 additional sample stations were added during the follow-up work

at Site 9. Sixteen stations were located to delineate the potential

j contamination detected in the northernmost row of the original grid. Of these

16, 10 were analyzed qualitatively and quantitatively on the portable gas

chromatograph. During the field work, a direct correlation was noted between

high readings on health and safety equipment (photoionization detector. HNu)

A during augering and the results on the gas chromatograph after sampling the

soil gas. This relationship was used to increase efficiency by relying on the

ENu to determine if gas chromatography was warranted. Using this correlation,

5 sample points were aborted after sugaring when high readings were detected

on the INu, and 1 sample point was aborted when the HNu recorded no readings

during augering (Figure 245-6). The gas chromatograph was used when HNu

readings were at low-to-medium levels in order to quantify concentrations and

note gradients possibly indicating where plume boundaries might be located.

Two soil borings were added to Spill Site 9 based on the results of the soil

gas screening study. The first boring (51) was drilled in the northernmost

plume at the point where the highest soil gas concentrations were detected.

The second boring (52) was drilled in the southernmost plume where soil gas

readings were high and ground staining was observed (Plate 24S-1). No borings

were drilled in the center plume due to the small size, lower detected soil

gas concentrations, and lack of visual surface evidence. Information gained

from the borings in the other plumes will be used to estimate the vertical

dimension of this center plume.

All sample points from Spill Site 18 (paint, solvent spills) were analyzed for

aromatic and aliphatic hydrocarbons and methylethyl ketone. Additionally,

one-third of the sample points were analyzed for chlorinated hydrocarbons.

51
Task 245
0282v/0071A
Rev. 8/30/88



I
The sample points additionally analysed for chlorinated hydrocarbons were

generally located in area believed to have a higher probability of potential

contamination (Figure 24S-7).

Analytical results from this first soil gas study showed an apparent plum of

contamination south of the southwestern corner of Building 543. Also, all

sample points analysed for chlorinated hydrocarbons contained detectable

levels of contaminants. It was difficult to determine if these detections

were from contamination unique to their locations or instead due to levels

present throughout the site. Additionally. bensene and methylethyl ketone

were detected north of Building 545 (Figure 24S-7), which suggested that

potential contamination might exist outside the original sample grid.

In order to address these two issues, additional soil gas follow-up work was

conducted using the portable gas chromatograph. A total of 22 additional

smple stations were added at Site 18 at locations where data gaps remained

rom the original study. Seven of the points were added outside the original

grid in order to determine if the chlorinated hydrocarbon detections decreased

with distance from the site. Results of this test indicated that

concentrations seemed to decrease as distance from the site increased; thus,

the chlorinated hydrocarbons detected by the original grid are believed to be

unique to their locations. However, detected levels were low enough at these

locations (less than 15 ppb) that the detected soil gas may have come from

contaminated groundwater, ambient air, or other sources rather than the soil

present at these locations. Ten of the additional sample points were placed

in areas along the railroad tracks south of Building 543 in order to further

characterize potential contamination in this area. It was determined by this

test that very small amounts of contamination exist along the tracks south of

Building 543. This potential contamination is probably due to small

occurrences such as drips from railcars and is not believed sufficient enough

to warrant further investigation. This test also further characterized the

lateral extent of contamination along the southwestern corner of Building

543. A soil boring (Boring 37) and a grab sample (Boring 36) had already been

collected within this plume because ground staining and mounding had been
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noted during field reconnaissance. Finally. 5 sample points were added north

of Building 545 in order to characterize the bensene and methylethyl ketone

detected in this area by the original sample grid. This contamination was

traced to a small trench that empties into a culvert running to the east under

a gravel road and then discharges into an east flowing drainage ditch (Figure

248-7). Soil gas concentrations in this trench were over 3,600 parts per

million (ppm) for an unknown compound.

One additional boring was drilled at Site 18 as a result of the soil gas

screening. This boring (Boring 50) (Plate 24S-1) was located in the trench

northeast of Building 545 where soil gas screening indicated a likely source

area.

Additional deviations from the sampling program occurred because the depth to

the water table was different than expected in some borings and because of

obstructions and auger refusal in others. Plate 24S-1 shows the locations of

the Phase I borings and surface sampling as implemented.

The Army Spill Sites investigation was conducted between April and September

of 1987. Fifty-three borings including surface grab and trench composites,

yielding 184 samples, were actually completed as follows:

Site Ng., Boring JNo. DaoukkA(ft) No. of Samples

S1(R) 13 5

4 13 4

5 (R) 10 3

Site 5 6 5 2

7 5 2

27 5 2

sit/e f 10 20 5

14 5 2

15 5 2
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sitsED Me.No.h Dagth (I~t) o fSip

Esits 16 15 4

17 12.5 5

Rite 9 13.8 4I
sits 51 24 5

52 15 5

sit 10 38 5 2

45 5 2

SI!n. 1 24 25 6

25 19 5

S22 5 2

23 5 2

28 3.2 2

29 20 5

site 14 31 5 2

32 20 4

33 5.5 1

A33 13.4 3

P33 (composite) 3-6 1

34 25 7

35 17.5 5

Sit 15 13 12.1 1

13A 0.5 1

49 (Grab from 12.4 1

cuttings)
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site N.Na A~lh DRpth (f 0 No. of RAMp les

S20 13.5 4

Site 17 11 18 5

12 15 4

S36 (Grab sample) Surface 1

37 19 6

50 20 5

Site 19 39 15 5

40 23.5 6

Site 2 18 15 4

19 12.5 4

Site 25 26 15 4

43 20 5

44 12.5 4

Site 29 30 20 7

StLe 37 41 17.5 4

42 5 2

Site 4 8 10 3

46 (Trench) 0.5-1 composite 1

47 (Trench) 0.5-1 composite 1

48 (Trench) 0.5-1 composite 1

S21 30 6

(i) indicates redrilled boring
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Samples were analysed for target compounds based on the history of chemicals

spilled at each site. Those samples analysed for Phase I analytes were

analysed by gas chromatography/mass spectrometry (GC/MS) for volatile organics

(except the 0-1 ft interval) and semlvolatile organics; by an inductively

coupled argon plasma (ICP) screen for metals; and by separate analysis for

dibromochloropropane. The analyses for thiodiglycol and chloroacetic acid

used USATHAMA Method NM 9 (Ebasco, 1987e). No certified methods for

organoarsenic or organomercury were available for use on samples obtained by

this Task. All samples that were proposed to be analyzed for these analytes

were instead analysed for total arsenic and total mercury. All borings from

Sites 2, 5, and 17 were proposed for both organoarsenic and organomercury

analysis. All borings from Sites 6, 13, 16, and 25 were proposed for

organoarsenic analysis only.

Because of an initial field misinterpretation of the sampling plan, 8 borings

received analyses additional to those proposed in the Technical Plan and two

borings received fewer analyses than planned. From Site 7, dorings 16 and 17

were analyzed for the standard Phase I analytes. Boring 16 was not analyzed

for arsenic or mercury. Boring 45 from Site 10, Boring 24 from Site 12,

Boring 36 from Site 18, and Boring 40 from Site 19 were analysed for

thiodiglycol at all intervals. Borings 31 and 32 from Site 14 were analyzed

for the Phase I analytes. The 12 to 13 ft interval from Boring A33 of Site 14

was not analyzed for volatile compounds.

Appendix 24S-B presents the specific target analytes for which laboratory

analyses were conducted. A sumuary of the results of these a-alyses is

presented in Table 24S-2, Section 3.2.4 of this report.

The Phase I remedial investigation program for these sites was developed and

Implemented based on historical documentation and other information available

at the time of its implementation. Since that time, previously unavailable

information has been identified and incorporated into the history section of

this report. Furthermore, this additional information has been evaluated in

detail to determine how it might impact the investigation approach at these
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sites. Based upon this evaluation, it has been determined that the additional

information collected since the Phase I program was designed does not

substantially alter the view of potential contamination at these sites. As a

result, the Phase I program as conducted, in conjunction with the Task 2 site

investigations, the Shell Spill Sites investigations and the South Plants

Regional Study, is judged to provide a complete and accurate investigation of

the possible contamination at this site.

3.2.2 Phase I Field Observation&

To ensure safety, in situ air monitoring was conducted during drilling using

an HNu and an organic vapor analyzer (OVA). Of the recorded readings, 37 HNu

readings and 67 OVA readings were above background levels. The results of the

volatile organic readings down the borings at the sampled depths are presented

in Table 24S-3, Section 3.2.4 of this report.

An 18 alarm and an M18A2 test kit were used to monitor for the presence of

chemical agents in the borehole and samples according to standard operating

procedures. The M8 alarm is used specifically to detect sarin (GB) and VX at

detection levels of 0.2 and 0.4 milligrams per cubic meter (mg/m3 ) after a

response time of 2 to 3 minutes (USAMDARC, 1982; USAMDARC, 1979). However,

many other substances can cause the M8 alarm to respond, including smoke and

engine exhaust. The M18A2 is used as a backup test if an M8 alarm is

triggered, as a substitute for an 18, and as a specific check for the presence

of mustard. The Ml8A2 detects G agents, V agents, all forms of mustard, and

lewisite. Specifically at RHA; the 418A2 test kit is used to detect GB

(sarin), VX, H (mustard), HD (distilled mustard), and L (lewisite), based upon

the knowledge that these agents were manufactured, stored, or demilitarized at

the installation. The detection limit for all mustard agents is 0.5 mg/m ;

3the detection limit for all G agents, VX, and L is 0.2 mg/mr

Significant deviations from background were detected by the M8 and N18A2 kits

in several instances. Samples from areas where possible contamination by Army

chemical agents was suspected on this basis or where histories indicated

chemical spills were sent to the RMA laboratory for analysis before being sent

to the contract laboratory. In one instance a field indication of lewisite
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was recorded. The follow-up laboratory analysis indicated the presence of

lewisite or a compound that degrades to acetylene in the presence of caustic.

The affected samples were held by the RMA laboratory and not forwarded to the

contract laboratory.

3.2.3 GeoRnhrsical Exploration

No geophysical exploration was conducted. However, utilities were located

using the Basic Information Map Utility Map (COE, 1978).

3.2.4 Phase I Analvte Levels and Distribution

Of the 52 target analytes, 32 were detected at one or more Army Spill Sites.

These were aldrin, arsenic, benzene, bicycloheptadiene, cadmium, chlordane,

chloroacetic acid, chlorobenzene, chloroform, p-chlorophenylmethyl sulfide,

p-chlorophenylse'-hyl sulfone, p-chlorophenylmethyl sulfoxide, chromium,

copper, dibromochloropropane, dichlorodiphenylethane, dicyclopentadiene,

dieldrin, ethylbenzene, endrin, hexachlorocyclopentadiene, isodrin, lead,

m-xylene, mercury, methylene chloride, methylisobutyl ketone, o- and p-xylene,

tetrachloroethylene, trichloroethylene, toluene, and zinc. The number of

samples containing each analyte, and the concentration range, median, mean,

standard deviation, detection limit, and indicator level are listed in Table

24S-2. The chemicals reportedly spilled in each area where samples were taken,

the results of geologic field observations, air monitoring during drilling,

and the chemical analysis of each soil sample are summarized in Table 24S-3.

Indicator levels and ranges were established to assess the significance of

metal and organic analytical values. The indicator level is the method

detection limit for organic compounds. The indicator range for metals

reflects the concentrations expected to occur naturally in lMA alluvial

soils. Selection of these ranges is discussed in the June 1986 Introduction

to the Contamination Assessment Reports (ESE, 1986a/RIC 87012R65).

Except for the ICP metals, the analytes most frequently detected in samples

from the Army Spill Sites were aldrin, dieldrin, chloroform, dicyclopenta-

diene, bensene, bicycloheptadiene, isodrin, arsenic, mercury, methylene
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chloride, tetrachloroethylene, and toluene. The distribution of all of the

analytes detected within or above their indicator levels in the Phase I

program is presented in Figures 24S-8a through 8d (Borings 1, 4-10, 13, 13A,

14-19, 27, and 46-49 in Figure 24S-8a; Borings 22-26, 28-29, 34-37, 43-44, and

50 in Figure 24S-8b; Borings 11-12, 20-21, 31-32, A33, P33, and 33 in Figure

24S-C; and Borings 38-42, 45, and 51-52 in Figure 24S-8d). A tabulation of

all analytical data associated with the Phase I program is presented in

Appendix 24S-B.

Sixteen borings from six sites were located in pits, sumps, or settling basins

(Site 2, Borings 1, 4, and 5; Site 8, Boring 9; Site 12, Boring 25; Site 14,

Borings 31, 32, A33, P33, 33, 34, and 35; Site 15, Borings 13A, 13, and 44;

and Site 29, Boring 30). Ten borings from seven sites were located in ditches

(Site 10, Boring 38; Site 16, Boring 20; Site 17, Borings 11 and 12; Site 19,

Boring 40; Site 20, Boring 19; Site 25, Borings 43 and 44; and Site 37,

Borings 41 and 42.

Benzene was detected in 8 samples from 5 borings at Sites 6, 8, 14, 15, and 18

in concentrations ranging from 0.3 to 10 micrograms per gram (ug/g). Although

benzene was detected in one near-surface sample (Boring 13, Site 15), the

trend was low concentrations at or near the water table. The single highest

concentration of benzene, 10 ug/g, occurred in the deepest interval (19-20 ft

interval) of Boring 10, Site 6.

Bicycloheptadiene was detected in 8 samples from 4 borings at Sites 2, 14, and

18 in concentrations ranging from 1 to 5,000 ug/g. The highest concentration

detected, 5,000 ug/g, occurred in the 9 to 10 ft interval of Boring 4, Site

2. The next deeper sample at this site (11.5-12.5 ft interval) had a

concentration of 2 ug/g of bicycloheptadiene.

Chloroform, the most frequently detected volatile organic compound in this

study, was detected in 11 samples from 6 borings at Sites 6, 8, 14, 15, and 18

I
Task 24
0282v/0071A
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in concentrations ranging from 0.4 to 90,000 uglg. The highest concentrat!in

detected, 90,000 ug/g, was from Boring 49 in the 9 to 10 ft interval beneath a

pit.

Two separate analytical methods were used to identify dibromochloropropane.

Using the GC/NS method for volatile organics (EPA 8240), dibromochloropropane

was detected in 1 sample from Site 14, Boring 34, at 3 ug/g in the 24 to 25 ft

interval. Using the GC/MS method for sewivolatile organics (EPA 8270) it was

detected in 2 samples from Site 14, Boring 34, at 3 ug/g from the 19 to 20 ft

interval and at 4 ug/g from the 24 to 25 ft interval.

Dicyclopentadiene was detected in 18 samples. Two separate analytical methods

were used to identify dicyclopentadiene. Using the GC/MS method for volatile

organics (EPA 8240), dicyclopentadiene was detected in 9 samples from 5

borings at Sites 2, 6, 9, and 14 in concentrations ranging from 0.6 to 4,000

ug/g. The highest concentration detected, 4,000 ug/g, occurred in the 4 to 5

ft interval of Boring 5, Site 2. Dicyclopentadiene %s detected in the 0.2 to

1.2 ft interval of Boring 34, Site 14 at 50 ug/g. Usually this interval is

not analyzed for volatile organics. However, it was analyzed for volatiles in

this instance because the sample was taken from under the floor of a concrete

pit.

Using the GC/MS method for semivolatile organics (EPA 8270), dicyclopentadiene

was detected in 9 samples from 3 borings at Sites 2 and 14 in concentrations

ranging from 0.6 to 3,000 ug/g. The highest concentration, 3,000 ug/g,

occurred in the 4 to 5 ft interval of Boring 5, Site 2. Using the

semivolatile method, dicyclopentadiene was most often detected in the 4 to 5

and 9 to 10 ft intervals of the same boring. However, in one boring it was

detected in the 0.2 to 1.2 and 2 to 3 ft intervals (Site 14, Boring 34 at 3

ug/g). Dicyclopentadiene was detected in only 1 surface sample using the

semivolatile method (Boring 34, Site 14, 0.2-1.2 ft interval at 300 ug/g).

Ethylbenzene was detected in 2 samples from 2 borings: Boring 10, Site 6, at

9 ug/g in the 19 to 20 ft interval, and in Boring 52, Site 9, at 0.9 ug/g in

the 9 to 10 ft interval.
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Hethylene chloride was detected in 6 samples from 2 borings at Sites 10 and 14

in concentrations ranging from 3 to 50 ug/g. No methylene chloride was found

in the method blanks from the samples where the chemical was detected, making

it probable that the methylene chloride was not laboratory introduced.

Methylene chloride was found in the 4 to 5 ft interval of I boring (Boring 38,

Site 10) and at every sampled interval in and between the 9 to 10 and 24 to 25

ft intervals of Boring 34, Site 14. The highest concentration reported, 50

ug/g, occurred at Site 14, Boring 34 in the 19 to 20 ft interval.

Methylisobutyl ketone was detected in 4 samples at concentrations ranging from

, *o 90 ug/g. It was found at its lowest concentration, 1 ug/g, in the 8.8 to

9.8 ft interval (Site 12, Boring 25), the shallowest interval where it

occurred. The two highest concentrations were found at Site 6, Boring 10 in

the 14 to 15 ft interval (40 ug/g) and in the 19 to 20 ft interval (90 ug/g).

Tetrachloroethylene was detected in 8 samples from 6 borings at Sites 6, 14,

15, 16, and 18 in concentrations ranging from 0.3 to 2 ug/g. With the

exception of Boring 13, Site 15, where tetrachloroethylene was detected in a

near-surface interval (1-1.8 ft) in a pit area, it was always detected at

intervals 4 to 5 ft or below. The highest concentration, 2 ug/g, was detected

in 3 borings (Site 6, Boring 10 in the 19-20 ft interval; Site 14, Boring 34

in the 9-10 ft interval; and Site 16, Boring 20 in the 12.5-13.5 ft interval).

Toluene was detected in 7 samples from 3 borings at Sites 6, 9, and 14 in

concentrations ranging from 0.6 to 60 ug/g. It was always detected at depth

ranging from the 9 to 10 to the 24 to 25 ft intervals. The highest

concentration detected, 60 ug/g, occurred at Site 14, Boring 34 in the 9 to

10 ft interval.

Four volatiles were detected in 1 sample each. Three of these analytes were

detected at Site 6, Boring 10 in the 19 to 20 ft interval: chlorobenzene (at

2 ug/g); m-xylene (at 20 ug/g); and o- and p-xylene (at 20 ug/g). Trichloro-

ethylene was detected at Site 9, Boring 52, at 0.4 ug/g in the 9 to 10 ft

interval.
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Aldrin was detected in 20 samples from 13 borings at Sites 2, 6, 12, 14, 15,

16, 17, 25, and 40 in concentrations ranging from 0.6 to 8,000 ug/g. Aldrin

was usually found in the surface or near-surface intervals only. However, in

Boring 10 (Site 6), aldrin was detected both in the surface sample (1.5-2.5

ft) at 100 ug/g and at depth (19-20 ft) at 2 ug/g. Aldrin was also detected

at Site 15 in Boring 49, below a pit, in the 9 to 10 ft interval at 1 ug/g.

At Site 14 in Boring 34, aldrin was detected first in the 2 to 3 ft interval,

below a pit, and in each successive interval to the water table at 25 ft. The

highest concentration of aldrin detected in this study, 8,000 ug/g, occurred

in the 9 to 10 ft interval of this boring.

Dichlorodiphenylethane was detected in two surface samples (0-1 ft interval)

at concentrations of 0.6 and 0.8 ug/g. These hits were from Boring 11 (Site

17) and Boring 44 (Site 25).

Dieldrin was the most commonly detected semivolatile in this study, occurring

in 28 samples from 24 borings at Sites 2, 6, 8, 10, 12, 13, 14, 15, 17, 18,

25, 37, 40, and 41 in concentrations ranging from 0.3 to 7,000 ug/g. In all

but two of the borings in which it was detected, dieldrin occurred only in the

0 to 1 ft interval or the first interval sampled. Dieldrin was found in more

than one interval in Boring 10, Site 6 (1.5-2.5 and 19-20 ft intervals) and in

Boring 34, Site 14 (2-3, 14-15, 19-20, and 24-25 ft intervals). The highest

concentration of dieldrin found in this study, 2,000 ug/g, (Boring 49, Site

15) occurred in the only interval sampled (9-10 ft), which was beneath a

reported disposal pit.

Endrin was detected in 5 samples from 4 borings at Sites 6 and 15 in

concentrations ranging from 9 to 5,000 ug/g. It was always detected in the

same intervals and in samples with aldrin and dieldrin. In Boring 10 (Site

6), it was found in surface or near-surface samples and again at depth. The

highest concentration, 5,000 ug/g, occurred at Site 15, Boring 49, in the 9 to

10 ft interval, which was directly below a pit.

Hexachlorocyclopentadiene was detected in 5 samples from borings at Site 2

(Boring 4) and Site 14 (Boring 34). All hits were at high concentrations
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(Site 2, Boring 4, 3,000 ug/g in the 0-1 ft interval; Site 14, Boring 34,

7,000 ug/g in the 9-10 ft interval, 600 ug/g in the 14-15 ft interval, 1,000

ug/g in the 19-20 ft interval, and 4,000 ug/g in the 24-25 ft interval).

Isodrin was detected in 7 samples from 6 borings at Sites 2, 6, 14, 15, and 40

in concentrations ranging from 0.6 to 100 ug/g. Isodrin was always detected

in samples with aldrin and dieldrin. In all but one instance, isodrin was

detected either in the surface or near-surface samples or directly beneath a

pit. However, the highest concentration, 100 ug/g, was detected in the 9 to

10 ft interval (Boring 49, Site 15). This boring was located under a pit.

p-Chlorophenylmethyl sulfide was detected in 2 samples from 2 borings: Boring

10, Site 6, at 1 ug/g in the 19 to 20 ft interval, and Boring 34, Site 14, at

60 ug/g in the 2 to 3 ft interval.

p-Chlorophenylmethyl sulfone was detected in 3 samples from 2 borings: Boring

10, Site 6, at 2 ug/g in both the 14 to 15 and 19 to 20 ft intervals and in

Boring 9, Site 8, at 4 ug/g in the 13 to 13.8 ft interval.

Two semivolatiles were detected in only one sample each. Chlordane was

detected at 1,000 ug/g in the 0.2 to 1.2 ft interval at Site 14, Boring 34,

and p-chlorophenylmethyl sulfoxide was detected at 0.4 ug/g in Boring 10, Site

6 in the 19 to 20 ft interval.

Cadmium concentrations in 23 samples (ranging from 1.1 to 3,000 ug/g),

chromium concentrations in 18 samples (ranging from 25 to 3,500 ug/g), copper

concentrations in 78 samples (ranging from 20 to 880 ug/g), lead

concentrations in 38 4amples (ranging from 25 to 2,600 ug/g), and zinc

concentrations in 90 samples (rsnging from 60 to 3,300 ug/g) were detected

within or above their indicator ranges. Cadmium was always detected within or

below the 4 to 5 ft interval and usually associated with nonclay soils. In

five of the six instances where cadmium was detected at or below the 7.6 to

8.6 ft interval, it was found in soils with clay content. The highest

concentration detected, 3,900 ug/g, occurred at Site 2, Boring 1, in the 2 to

3 ft interval. Chromium was detected in intervals to 6 ft and usually
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associated with silty and sandy soils. In the one instance where it was

detected at depth (Site 29, Boring 30, 6.2-7.2 ft interval), it was associated

with soil with some clay content. The highest concentration detected was

3,500 ug/g in silty sand with clay and trace gravel (Site 18, Boring 37 in the

0-1 ft interval). In the majority of samples where copper was detected, it

was found at depths below the 7.6 to 8.6 ft interval. However, copper was

detected at its highest concentration, 880 ug/g, in the 5 to 5.4 ft interval

in organic sandy silt (Site 12, Boring 25). Where lead was detected in the

intervals to 6 ft, it was associated with nonclay soils. In the three

instances where lead was detected at depth (8.8-9.8 and 9-10 ft intervals), it

was associated with clay soil or claystone. The highest concentration of

lead, 2,600 ug/g, was detected in organic sandy silt (Site 12, Boring 25, in

the 5-5.4 ft interval). Zinc was detected relatively evenly throughout the

range of sampling intervals and was associated with both clay and nonclay

soils. Zinc was detected at its highest concentration, 3,300 ug/g, in organic

sandy silt (Site 12, Boring 25, in the 5-5.4 ft interval).

Arsenic was detected within or above its indicator range in 73 samples from 33

borings in concentrations ranging from 3.0 to 110,000 ug/g. Arsenic was not

detected in 12 borings (14, 17, 45, 24, 13A, 13, 21, 49, 31, 32, 20, and 39)

from Sites 6, 7, 10, 12, 14, 15, 16, 19, and 41.

Where it was detected, arsenic generally occurred in both the 0 to 1 and 4 to

5 ft intervals (or in the first 2 intervals sampled where these depths

varied). Arsenic was detected in the intervals between 8.8 and 10.5 ft in 10

borings (1, 4, 5, 10, 25, A33, 11, 43, 44, and 8) from Sites 2, 6, 12, 14, 17,

25, and 40. In 7 of these borings (1, 4, 25, 29, A33, 43, and 44) from Sites

12, 13, 14, and 25, arsenic was also detected below the 9 to 10 ft interval.

Isolated low concentrations (3.0 ug/g) of arsenic occurred in the 14 to 15 ft

interval of 2 borings (40 and 26) at Sites 19 and 26. The highest

concentration of arsenic detected in this spill study area, 110,000 ug/g,

occurred at Site 2, Boring 4. Arsenic was also detected at 5,100 ug/g in

Boring P33 (Site 14).

Mercury was detected within or above its indicator range in 50 samples from 31

borings in concentrations ranging from 0.050 to 17,000 ug/g. Mercury was not
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detected in 9 borings (17, 45, 24, A33, 36, 50, 39, 26, and 21 from Sites 7,

10, 12, 14, 18, 19, and 41).

Where it was detected, mercury generally followed a vertical distribution

pattern similar to that of arsenic, occurring usually in both the 0 to 1 and 4

to 5 ft intervals. Mercury was found in the 9 to 10 ft intervals of only 5

borings (1, 4, 5, 9, and 49) and below the 9 to 10 ft intervals of only 2

borings (1 and 4). The highest concentration of mercury detected in this

spill study area, 17,000 ug/g, occurred in a composite sample of sludge from a

pit at Site 14, Boring P33. Mercury was also detected at 9,400 ug/g in the 4

to 5 ft interval (Site 2, Boring 4) and at 7,800 ug/g in the 2 to 3 ft

interval (Site 2, Boring 1).

Chloroacetic acid was detected at 340 ug/g at Site 15, Boring 49, in the 9 to

10 ft interval. Thiodiglycol was not detected in any sample for which it was

analyzed.

In addition, many compounds were detected by GC/MS that were not included in

the target compound list and that were not conclusively identified. Table

24S-4 lists the borehole number, sample interval depth, relative retention

time (shown as "unknown number" on the table), concentration, sample number,

lot, best-fit identification, and comments for these nontarget compounds. It

should be noted that an individual compound may have more than one retention

time, and also that a particular retention time may be assigned to more than

one compound. Therefore, Table 24S-4 provides only a general indication of

additional compounds that may be present.

Concentrations of nontarget compounds tentatively identified as chlorinated

hydrocarbons were detected at relatively high concentrations at Site 2,

Borings 4 and 5, in the 0 to 1 ft interval at 80 ppm and 600, respectively; at

Site 6, Boring 10 (300 ppm in the 1.5-2.5 ft interval and at 40 ppm in the

19-20 ft interval); Site 14, Boring 34 (600 ppm in the 0.2-1.2 ft interval,

including 200 ppm of chlordane and 300 ppm of heptachlor, 7 ppm in the 2-3 ft

interval, 200 ppm in the 9-10 ft interval, 20 ppm in the 10-11 ft interval, 40

ppm in the 14-15 ft interval, 100 ppm in the 19-20 ft interval, and 40 ppm in
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the 24-25 ft interval); and Site 15, Boring 49 (900 pp. in the 9-10 ft

interval). Lower concentrations were detected at Site 8, Boring 9; Site 14,

Boring 33; Site 15, Borings 13A and 13; Site 17, Borings 11 and 12; Site 18,

Boring 50; Site 25, Borings 43 and 44; and Site 40, Boring 8.

A high concentration of a compound tentatively identified as 1,3,5-cyclohepta-

triene was detected at Site 2, Boring 4 (500 ppm in the 9-10 ft interval). A

volatile that was not identified was also detected at 1,000 ppm in the same

interval of this boring. A compound tentatively identified as 1,3-cyclo-

pentadiene was detected at Site 2, Boring 5 (300 ppm in the 4-5 ft interval).

In the same boring and interval, compounds were tentatively identified as an

unknown dicyclopentadiene isomer (800 ppm), an unknown triene (300 ppm), an

unknown alkene (400 ppm), and heterocyclic polyunsaturated hydrocarbons

possibly related to dicyclopentadiene (2,000 ppm). Compounds tentatively

identified as dicyclopentadiene isomers were also detected in Boring 5 in the

9 to 10 ft interval (300 ppm).

Compounds tentatively identified as polychlorinated biphenyls (PCBs) were

detected in a pit at Site 14, Boring 31 (30 ppm in the 0-1 ft interval) and in

a ditch at Site 25, Boring 44 (2 ppm in the 0-1 ft interval). Dimethylmethyl

phosphonate and other related phosphonate compounds were detected at Site 15,

Boring 49 (300 ppm in the 9-10 ft interval).

Numerous nontarget compounds tentatively identified as the remnants of a fuel

spill were detected at Site 9, Boring 51 (300 ppm in the 9-10 ft interval) and

Boring 52 (1,000 ppm in the 4-5 ft interval and 800 ppm in the 9-10 ft

interval).

Numerous nontarget compounds tentatively identified as the possible remnants

of mixed fuel and solvent spills were detected at Site 18, Boring 36 (10 ppm

in a surface grab sample); Boring 37 (1,000 ppm in the 0-1 ft interval); and

Boring 50 (100 ppm in the 0-1 ft interval).

In addition, many samples contained naturally occurring organic acids and

ubiquitous phthalates at low concentrations.
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The draft final version of this report was provided to the Colorado Department

of Health (CDH), Shell Oil Company, and the U.S. Environmental Protection

Agency (EPA) for review on April 4, 1988. Comments and responses are provided

in Appendix 24S-C.

3.3 PHASE II SURVEY

No Phase II survey is proposed for the Army Spills program because additional

sampling and analysis has been conducted under Task 2 site programs, the Shell

Spills program, and the South Plants Regional Study.

The Task 2 program, as proposed, includes the investigation of eighteen sites

within the South Plants manufacturing area. One hundred and twenty-two

borings were drilled and 355 samples taken during this investigation (Ebasco,

1985a). The program that investigated the area where reported Shell spills

have occurred included drilling 92 borings, yielding a total of 249 samples

(Ebasco, 1987f).

Additionally, there are areas within the South Plants complex that are not

covered by Task 2 site borings, the Shell Spills program, or the Army Spilis

program. The South Plants Regional Study was conducted to investigate those

areas in which data gaps exist. Fifty borings, yielding 111 soil samples,

were completed for this investigation (Ebasco, 1986b, c).

The data from the Task 2 site borings, the Army and Shell Spills programs, and

the South Plants Regional Study are being integrated. Data will be evaluated

to determine if contamination patterns exist. This evaluation will be

included in the South Plants Study Area Report.
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APPENDIX 24S-A

Chemical Names and Abbreviations

Analytic Methods

Atomic Absorption Spectroscopy AA
Gas Chromatography/Conductivity Detector GCCON
Gas Chromatography/Electron Capture Detector GCECD
Gas Chromatography/Flame Ionization Detector GCFID
Gas Chromatography/Flame Photometric Detector GCFPDGas Chromatography/Mass Spectrometry GCMS
Gas Chromatography/Nitrogen Phosphorous Detector GCNPD
Gas Chromatography/Photoionization Detector GCPIDHigh Performance Liquid Chromatography HPLC
Inductive Coupled Argon Plasma Screen ICP
Ion Chromatography 

IONCHROM
Spectraphotometry 

SPECT

PHASE I ANALYTES AND CERTIFIED M1ETHOpDS .••LSAMLES

Synonymous Names Used
Analysif/Methods/MAlytes in Appendix B Abbreviati

AGENT PRODUCTS/HPLC 119Chloroacetic acid Chloroacetic acid CLC2AThiodiglycol Thiodiglycol (TDC) TDGCL

jAGET PRIO CHRQ D=
Isopropylmethylphosphonic Isopropylmethylphosphonate IMPA
acid

ANIONS /IONCHROM
Chloride Chloride CL
Fluoride Fluoride FL
Sulfate Sulfate S04

rARSNIC/ Arsenic AS

SDIBROMOCHLOROPROPANE/GCEC Dibromochloropr.pane

HYDRAZINES/SPECT Nm
Hydrazine Hydrazine HYDRZ
Methylhydrazine Methylhydrazine MHYDRZ
Unsymmetrical dimethyl Unsymmetrical dimethyl

hydrazine hydrazine UDMH

NERCUIXLM Mercury
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APPENDIX 245-A (Continued)
Phase I

Synonymous Names Used
Analysis/Methods/AnalyteB in ApRpendix B Abbreviations

ffITALS/ICP
Cadmium Cadmium CD
Chromium Chromium CR
Copper Copper CU
Lead Lead PB
Zinc Zinc ZN

ORGANONITROGEN COKPOUNDS /GCNPDo
n-Ni trosodimethylamine n-Nitrosodime thylamine NNDMEA
n-Nitrosodi-n-propylamine n-Ni trosodi-n-propylamine NNDNPA

ORG&AOPQSPHOBROUS~ COMPOUNDS IGCFPD QEC
Diisopropylmethyl phosphonate Diisopropylmethyl phosphonate DIMP
Dimethylmethyl phosphonate Dimethylmethyl phosphate DMMP

SEMIVOIATILE ORGANIC COMPOUNDS/
GCMS l
1,4--Oxathiane 1,4-Oxathiane OXAT
2, 2-bis (Para-chiorophenyl )- Dichiorodiphenylethane PPDDE
1, 1-dichioroethane

2, 2-bis (Pata-chiorophenyl )- Dichiorodiphenyltrichioro- PPDDT
1,1, 1-trichioroethane ethane

Aidrin Aidrin ALDRN
Atrazine Atrazine ATZ
Chlordane Chlordane CLDA]4
Chiorophenylmethyl sulfide p-Chlorophenylmethyl sulfide CPMS
Chiorophenylmethyl suif one p-Chlorophenylmethyl sulfone CPMS02
Chiorophenylmethyl suif oxide p-Chlorophenylmethyl suif oxide CPMSO
Dibromochioropropane Dibromochioropropane DBCP
Dicylopentadiene Dicyclopentadiene DCPD
Dieidrin Dieldrin DLDRN
Diisopropylmethyl phosphonate Diisopropylmethyl phosphonate DIMP
Dimethylmethyl phosphonate Dimethylmethyl phosphonate DMMP*
Dithiane Dithiane DITH
Endrin Endrin ENDRN
Bexachlorocyclopentadiene liexachiorocyclopentadiene CL6CP
Isodrin Isodrin ISODR
Malathion Malathion MLTHN
Parathion Parathion PRTHN
Supona 2-Chloro-l (2,4-dichiorophenyl) SUPONA

vinyldiethyl phosphates
Vapona Vapona, DDVP

* [tIP is certified as part of the semivolatile organic compound method only
for Hittman-Ebasco Laboratory.
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APPENDIX 24S-A (Continued)
Phase I

Synonymous Names Used

An.Alysis/Methodfl/Analytr& in Appndix B Abbreviations

VOLATILE ORGANIC COMPOUNDS/
pGCMS
1 ,1-Dichloroethafle 1, 1-Dichioroethane 1 1DCLE

1 ,2-Dichlozoethane l,2-Dichlaroethane 12DCLE

1,1 1,-Trichloroethane 1,1,1-Trichioroethane 11ITCE

1,1,2-Trichioroethane 1,1,2-Trichloroethane 112TCE

Benzene Benzene C6H6

Bicycloheptadiene Bicycloheptadiefle BCHPD

Carbon tetrachloride Carbon tetrachloride CCL4

Chiorobenzefle Chiorobenzene CLC6H5

Chloroform Chloroform CHCL3

Dibromochloropropafle DibromochlaropropallC DBCP

Dicyclopentadiene Dicyclopentadiefle DCPD

Dimethyldisulf ide Dimethyldisulfide I*IPS

Ethylbenzene Ethylbenzene ETC6H5

m-Xylene m-Xylene 1 3DMB

Methylene chloride Methylene chloride CH2CL2

Methylisobutyl ketone Methylisobutyl ketone MIB1(

o- and p-Xylene Ortho- & Para-xylene XYLEN

Tetrachloroethylefle tetrachloroethefle TCLEE

Toluene Toluene MEC6H5

Trans-1,2-dichloroethylene Trans-i ,2-dichloroethefle 12DCE

Trichloroethylene Trichloroethefle TRCLE
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APPENDIX 24S-A
Phase II

PHASE TY A2NALYTES AND CERTIFIED METHODS,
SOIL SMPILES

Synonymous Names Used
Anallain/Methods/Analytes in ARpendix B Abbreviations

AGENT PRODUCTSLNPLC D

(Same as Phase I)

AGENT PODUnTS/ IONCHROM ~D
(Same as Phase I)

AN IONS/ IOCHRO ANION~

(Same as Phase I)

ARSENIC/ Arsenic AS

DIBROMOCHLOROPROPANE/GC DibromochloropropaneDI

HYDRAZINES/SPI HUT

(Same as Phase I)

MERBCURY/L Mercury Ii9

(Same as Phase 1)

ORGAN HLORINE PESTICIDES/GCECDOK
2,2-bis(Para-chlorophenyl )- Dichiorodiphenylethane PPDDE

1, 1-dichioroethane
2,2-bis(Para-chlorophenyl )- Dichlorodipherlyltrichloro- PPDDT

1,1, 1-trichioroethane ethane

Aidrin Aidrin ALDRN

Chlordane Chlordane CLDAfl

Dieldrin Dieldrin DLDRN

Endrin Endrin ENDRN

Hexachlorocyclopentadiene Hexachlorocyclopentadiene CL6CP

lsodrin Isodrin ISODR

ORGANONITROGEN COMPOUNLS/GP Qi
(Same as Phase I)

DEW-UlQBQ5IOROUS COMPOUNDS IGCFPD
(Same as Phase 1)
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APPENDIX 24S-A (Continued)
Phase II

Synonymous Names Used
Analysis/Methoda/Analytes in Appendix B Abbreviations

ORGANOPHOSPUORUS PESTICIDES/
GCNPDDI
Atrazine Atrazine ATZ
Malathion Malathion MLTHN
Parathion Parathion PRTHN
Supona 2-Chloro-l (2,4'-dichlorophenyl) SUPONA

vinyldiethyl phosphates
Vapona Vapona DDVP

ORGANOSLPHULR COMPOUNDS/GCFPD
1,4-Oxathiane 1,4-,Oxathiane OXAT
Chiorophenylmethyl sulfide p-Chlorophenylmethyl sulfide CPMS
Chiorophenylmethyl suif one p-Chlorophenylmethyl suif one CPMS02
Chiorophenylmethyl sulfoxide p-Chlorophenylmethyl sulfoxide CPMSO
Dimethyldisulfide Dimethyldisulfide DM113
Dithiane Dithiane DITH

SEMIVOLATILE ORGANIC COMPOUNDS/
GCMS s
(Same as Phase I)

VOLATILE AROMATIC ORGANIC
COMPOUNDS/GCPID Y
Benzene Benzene~ C6H6
Ethylbenzene Ethylbenzene ETC6H5
m-Xylene m-Xylene 13D3MB
o- and p-Xylene Ortho- & Para-xylene XYLEN
Toluene Toluene MEC6H5

VOLATILE HALOGENATED ORGANIC
COMPOUNDSZGCCON VH9
1, 1-Dichioroethane 1, 1-Dichioroethane IlDCLE
1, 2-Dichioroethane 1, 2-Dichioroethane 12DCLE
1, 1-Dichioroethene 1 ,l-Dichloroethene 1 1DCE
1,', 1-Trichioroethane 1,1 ,1-Trichloroethane 111TCE
1,1,2-Trichioroethane 1,1,2-Trichloroethane 112TCE
Carbon tetrachloride Carbon tetrachloride UCCL
Chlorobenzene Chlorobenzene CLC6H5
Chloroform Chloroform CHCL3
Methylene chloride Methylene chloride CH2CL2
Tetrachioroethylene Tetrachioroethene TCLEE
Trans-i, 2-dichioroethylene Trans-i, 2-dichioroethene T12DCE
Trichioroethylene Trichioroethene TRCLE
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APPENDIX 24S-A (Continued)
Phase II

Synonymous Names Used
Analysis/Methods/Analytes in Appendix B Abbreviations

VOLATILE HYDROCARBON COMPOUNDS/
GCFID HCB
Bicycloheptadiene Bicycloheptadiene BCHPD
Dicyclopentadiene Dicyclopentadiene DCPD
Methylisobutyl ketone Methylisobutyl ketone MIBK

VOLATILE ORGANIC COMPOUNDS/GCMS
(Same as Phase I)
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Phase I Chemical Data

I



APPENDIX 24S-B

Chemical Data

The analytical results of the laboratory analysis of soil samples collected

as part of the program comprise the first part of Appendix 24S-B. Data are

listed sequentially by boring number and successive depths below the

surface. Within each depth, all analytes for which the samples were tested

are listed alphabetically. Results are given as less than (LT) the detection

limit for the test laboratory, or as detected concentrations above this

limit. Based on the accuracy of laboratory test methods, values for volatile

and semivolatile compounds are considered accurate to one significant figure,

values for dibromochloropropane when tested separately and for metals are

considered accurate to two significant figures.

The second part of Appendix 24S-B contains data from the blanks associated

with the analytical work. Blanks for the soil samples were based on a

homogenized subsample of composited samples from a known uncontaminated soil

that is stratigraphically similar to the RMA soils. Blanks for the water

samples were based on distilled water. Control samples, or blanks, are

introduced into the train of environmental samples to function as monitors on

the performance of the analytical method. These samples function as quality

control (QC) samples, and are an integral part of the quality assurance (QA)

program for the project. The method blanks listed in this Appendix were

utilized to verify that the laboratory was not a source of sample

contamination. If contamination were detected in a method blank, corrective

actions were taken to assure that reported concentrations of target analytes

reflected sample analytes, and not analytes introduced by the laboratory

process.
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Appendix 24S-C

Comments and Responses



STATE OF ODLORADO
COLORADO DEPAIRTMNT 01 HEALTH

D0"Wv. C¢wea 56t eI tms ()0) 204U3)

Amra at lots

mE. DoMna Campbell
office of the orogym 11azager
m Cnotedmuation Coasup,
AMI-•-, mUidinS XA460
Departmue of the Army
Ab&Tden FrGroU&i fuvA. Marylsed 21010-5401

Ue: State.e Commenta on DR-Ar•y ptill Sites

soth Plants Manufacturin Complex

bear W. Campbell:

Attached are the tatoe'.s Seeral and specific coments fot t'he
DIn-Aiuy Sfill ime; South Platot NWafactuTlr4 Couples. Tbe
gtata's primary concern wItb the report is that usy of the spill
sitet m ta .: Invasttiate•o T•ese sijts veta disniset due to Uiet-
oflctl ruawercb. 7he State vould hope that virtually all spills
would be aisttigated by soil bo•rgi~s ad UonitoTing vewls rather that
plcCit 4 beaV7 relianzce on hiStooical inorMation for vetIf iation.

If you have mazy I7eetion teagarding these comats, please contact
Mr. Jeff Zdseo vith this Division.

David C. I eton
Director
lazardcrs Nater"ols *ad

Waste mazatmeaet Divi1 on

et: Itrdbsel gop"
Usert &grey
06nually Xbars
Chris labs
1Davird Ec0rath

"" Ds~~viLd J d r

!

--i-ili~mmm llml aU•m



I
RESPONSE TO COMMENTS OF THE

COLORADO DEPARTMENT OF HEALTH
ON PHASE I DRAFT FINAL DATA PRESENTATION REPORT

ARMY SPILL SITES SOUTH PLANTS MANUFACTURING COMPLEX

GENERAL COMMENTS

Commenm 1: It is unclear what the function of a data presentation report
is. What distiniuishes this-type of report from a CAR? At

what other RMA sites will data presentation such as this be
reported?

Reasonse: A Data Presentation Report (DPR) contains all the report
sections and data contained in a CAR except Section 3.25, Phase
I Contamination Assessment, and Section 3.4, Quantity of
Potentially Contaminated Soil. Both the contamination
assessment and the estimate of contaminated soil are being
conducted in conjunction with the Task 2 and Shell Spills
results and the results of the South Plants Regional Study, as
part of the comprehensive analysis for the South Plants Study
Area Report (SAR).

One other Data Presentation Report will be published for the
South Plants Regional Study. This report has also been
reviewed by The State of Colorado.

Coment 2: The report tends to overemphasize historical research that
indicated that at six of the sites (i.e., Sites 4, 11, 24, 26,
27 and 28) "there was little likelihood of spills having
occurred". Where any doubt exists as to whether or not a spill
has occurred, it would appear that investigation of the site by
use of soil borings and monitoring wells would be the prudent
choice of action.

Response: No additional borings as part of this study were placed at Site
4 because, as stated in the text, five Task 2 borings and one

South Plants Regional Study boring were located in the vicinity
of this site. Mercury was found in each of the Task 2 borings
(I101, 1201, 1301, 1302, and 1401 from the Shell spills
program) and from the South Plants Regional Study boring (#37)

placed on this site. The concentration ranged from 0.058 to 98

ug/g. The location of these borings appear on the map for this
site in the Army Spill Sites Program Technical Plan. A
monitoring well (01524) is located downgradient of this site.

Six borings were placed in the vicinity of Site 11 as part of
the Shell Spills program (Borings G 101, G 401, G 601, G 602,
G701, and G801). This information has been added to the text
of this report. Locations of these borings appear on the map
from Site 11 in the Technical Plan. No chlorobenzene was

166
Task 24
0283v/0199A

Rev. 8/30/88
I, I

f[



I
discovered in any samples from any of these borings. A
monitoring well (H 01518) is also located downgradient of this
site.

As stated in the text, five Task 2 borings (Shell spills
program) have been drilled in the vicinity of Site 24. Mercury
was found in three of the five borings from Task 2 (0102, 0401,
and 0601). No mercury was found in Borings H101 or 0502 from
Task 2. The location of these borings is shown on the map for
Site 24 in the Technical Plan. One monitoring well (01005) is
located approximately downgradient of this site.

No borings were placed at Site 26 because phosgene, which was
reported to have leaked in this area, is a gas and would not
have been retained in the soil.

Historical information not available during the planning stage
but included in the report text indicates that mines utilizing
lead oxide, the substance reportedly spilled inside Building
365 (Sites 27 and 28), were not manufactured in South Plants
but rather in North Plants. Sandwich button bombs containing
red phosphorous, magnesium oxide, and potassium chlorate were
manufactured in Buildings 362 and 365. A South Plants Regional
Study boring was placed next to Building 365. This information
has been added to the text. Dieldrin was detected in this
boring (#3) (0.4 ug/g of 0-I ft) and arsenic (3.2 ug/g at 4-5
ft). A monitoring well (02580) is located downgradient of this
"cite.

SPECIFIC COMMENTS

QuW-teall: It is unclear what is meant by "(b)ecause these compounds are
Spill Site representative of the class of chemicals typically found in the
No. 1 ground water beneath the South Plants manufacturing complex,
page 7 their presence in the ground water does not imply that the Army

Spill Sites boring locations are contributing to ground water
contamination in this area". Please explain how boring
locations can contribute to ground water contamination.

Response: Borings that were part of this investigation were located in
areas where spills of chemicals or fuel may have occurred. The
borings themselves are not the possible sources of these
compounds but rather the possible spill that was investigated
could potentially be a source of groundwater contamination.
However, the occurance of a contaminant in the groundwater
beneath the sites does not demonstrate that the site itself is
the contamination. The groundwater contaminatior could
conceivably originate from other upgradient areas. The purpose
of the groundwater investigation is to determine the extent of
contaminant plumes and thus to attempt to locate the source or
sources of the plumes. The wording of the sentence on Page 7
has been changed in the text for clarity.
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I
nCgommen : The text states that "there is no information on the exact

Spill Site location or on the quantities (of mustard) spilled, therefore
No. 7 no borings were constructed wnder Task 24 at this site."
page 13 However, Table 245-3, page 65, indicates that Task 24 Borings

16 and 17 investigated Site 7. Please explain.

RIestnse: The statement on page 13 that no borings were constructed at
Site 7 under Task 24 was in error and has been deleted from the
text.

C ent 3: The information presented pertaining to Site No. 8 appears to be
Spill Site incomplete. A more complete explanation of the Army's proposed
No. 8 follow up investigation of this site must be included.
page 13

Response: One boring (09) was proposed to investigate the sump area where
the reported encounter with mustard occurred. In the field the
siunp was clearly visible; therefore, only one boring, as
planned, was drilled into it.

Comment 4: Spill Site No. 28 is one of the sites not investigated because
Spill Site further historical research indicated there was "little
No. 28 likelihood of spills." However, it appears that Site 28 was
page 25 dismissed because "no evidence of spills was indicated outside

Buildings 362 and 365." Hence, the basis for the dismissal of
investigation is apparently visual evaluation rather than
historical documentation. Borings must be placed outside of
the buildings and an investigation must be implemented to
determine where the drain outlets discharge.

Response: Both Buildings 362 and 365 are structurally sound with no
current or historical evidence of structural problems or cracks
that would have allowed any spilled material to escape to the
ground. A South Plants Regional Study boring (#3) was placed
immediately next to Building 365 and an outside sump attached
to this building was sampled as part of the Structure Survey
investigations done under Task 24. Dieldrin (0.4 ug/g of the
0-1 ft interval) and arsenic (3.2 ug/g at the 4-5 interval)
were detected in Boring 3. The liquid samples from the sump
outside Building 365 contained chlorophenylmethyl sulfone
(10 ug/1), calcium (28,000 ug/l), magnesium (61,000 ug/l),
potassium (110,000 ug/1), sodium (61,000 ug/l), and zinc (280
ug/l).

Comment 5: Concerning Spill Site No. 30, the text indicates that the
Spill Site chlorine released consisted of liquid chlorine and chlorine
No. 30 gas not just chlorine gas. Accordingly, it would appear that
page 20 Site 30 would be amenable to additional investigation by soil

borings.
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aResponse: Chlorine at ambient temperature is a gas. Therefore, any
released liquid chlorine would undergo an immediate phase
change resulting in a cloud of chlorine gas that would be
dispersed by movement of air. No chlorine would remain in or
on the soil.

!lQM 1L__i: Concerning Spill Site No. 33, the text does not indicate the
Spill Site amount of mercury spilled, it simply refers to "a small
No. 33 amount." If known, this quantity should be defined in the
page 27 report.

Response: An additional review of the historical database was undertaken
which determined that the actual quantity of mercury spilled
was 2.65 cubic inches. This new information was added to the
text to more accurately quantify the amount of mercury spilled.

Commeant7: Table 24S-1 should include an additional column presenting the
pages 37-42 disposition of each site. It is difficult to discern if the

site was investigated in Task 24, whether other tasks will
investigate, or whether the site was dismissed from further
investigation by historical documentation.

Response: Section 2.0 presents more detailed information about each site
including whether or not the site was investigated by other
tasks and whether a site was defined by too little historical

.information to warrant investigation.

Comment 8: It is unclear why a volumetric determination of potentially
contaminated soils for spill sites in the South Plants
manufacturing complex is not included in the report. Will the
data generated in the Task 24 investigation be integrated and
presented in the South Plants Study Area Report?

Response: As stated in the text, the data generated in the Task 24
investigation will be integrated with the data gathered by
other tasks that investigated areas in the South Plants.
Volumetric estimates of potentially contaminated soils will be
made for the entire area encompassed by the South Plants SAR,
including the areas investigated by the Army Spills sites.
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LNTED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION VI

999 1 thSTREET-SUTE 500
DENVER. COLORADO S0202-2405i

Ref: SHWM-SR NAY 20 198

Colonel W. N. Quintrell
Program Manager
AMXRM-EE Department of the Army
U.S. Army Toxic and Hazardous Materials Agency
Building 4460
Aberdeen Proving Ground, Maryland 21010-5401

Re: Rocky Mountain Arsenal, (RMA),
Task 24, Data Presentation
Report, Army Spill Sites, South
Plants Manufacturing Complex, Draft
Final Contamination Assessment
Report, April, 1988.

Dear Colonel Quintrell:

We have'revieved the above referenced report ind have the

enclosed comments from our contractor. Please call me at (303)

293-1528, if there are questions on this matter.

Sincerely yours,

Con Mears
EPA Coordinator
for Rocky Mountain Arsenal Cleanup

Enclosure

cc: Thomas P. Looby, CDR
David Shelton, CDI
Lt. Col. Scott P. Isaacson
Chris Hahn, Shell Oil Company
R. D. Lundahl, Shell Oil Company
Thomas Sick, Department of Justice
David Anderson, Department of Justice
Preston Chiaro, EBASCO



I
RESPONSES TO COMMENTS OF

ENVIRONMENTAL PROTECTION AGENCY
ON PHASE I DRAFT FINAL DATA PRESENTATION REPORT

ARMY SPILL SITES SOUTH PLANTS MANUFACTURING COMPLEX

Cuental: General Comment. The EPA recognizes that data from the Task 2
site, Shell Spills program, and this survey will be integrated
in the South Plants Regional Study Area Report. However,
review of this document would be facilitated by listing sample
locations (on Plate 24S-1, for instance) from other surveys on
relevant maps in this document so that sampling coverage could
be adequately addressed.

Response: Sampling coverage will be clearly presented in the South Plants
Study Area Report (SAR).

Comment2: The Army Spill #11 is thought to have been confused with spills
Spill Site made by Colorado Fuel and Iron Corporation between 1947 and
No. 11 1948, therefore this site was not investigated with borings.
page 14 The EPA recognizes the need to respect party responsibility.

However, the site should be investigated at some point for
positive or negative verification of a spill. We recommend
that this take place during the feasibility study through a
regular boring.

Resgonse: Six borings were placed in the vicinity of Site 11 as part of
the Shell spills program (Sites 1-13 and 2-18). (Borings
G101, G401, G601, G602, G701 and G801). No chlorobenzene was

discovered in any samples from any of these borings.

CDijujentI: A ditch into which wastes from this spill site drained is
Spill Site discussed. It is not clear from Figure 24S-BC whether either
No. 17 boring 11 and 12 associated with this site were located in the
page 17 ditches. They should be sampled during the feasibility study

if they were not sampled during Phase I.

Rsponse: Boring 12 was located close to the building outlet that leads
to this ditch. As mentioned in the text, Boring 11 was located
in the drainage ditch; it was moved further upstream than
originally planned in order to avoid overhead power lines at
the original location.

Comment 4: Field reconnaissance of Spill 19 revealed indoor trenches in
Spill Site Building 751, down which contaminated waste flowed east to the
No. 19 end of the building where a drain exits the building wall.
page 19 There is no mention of whether the floor is made of dirt or

some other substance. The EPA recommends that samples be taken
in the indoor trenches, if they are made of dirt, during the

feasibility study.
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I
I •eaRm : The floor of this building is concrete. The trenches are, at

present, rectangular cutouts with dirt bottoms in this concrete
floor slab. Consideration of sampling this dirt will be made
during t'Vie planning for the South Plants area feasibility
study. Building sampling was beyond the scope of this program.

Came~nt L5: Plate 24S-1 indicates that Borings 16, 19, and 20 investigate
Spill Site this spill site. Inspection of this map and Figure 24S-8a does
No. 20 not reveal whether any of these borings were placed in the
page 20 drainage ditch that carried spills at this site. In the event

this ditch was not sampled, the EPA recommends that it be
investigated during the feasibility study.

Responsie: Borings 18 and 19 investigated this spill site. Both borings
were constructed in the ditch.

ComIment.: Wastes associated with Site 25 were discharged into two drainage
Spill Site ditches located in thiE spill site. It is not clear from
No. 25 inspection of Figure 24S-8b whether either boring 16 or 44 were
page 23 located in either of these ditches (inspection of Plate 24S-1

indicates that these borings were associated with Site 25). EPA
recommends that these ditches be sampled during the feasibility
study if borings 26 and 44 were not placed in the ditch-j.

Response: Site 25 was investigated by Borings 26, 43, and 44. Borings 43
and 44 were located in the ditch south of Buildings 522 and
523. Boring 26 was located in a flat area that leads to the
ditch north of Building 522B.

mgun•nt_7: Leaks of distilled mustard may have occurred between buildings
Spill Site 512 and 514 from transfer lines carrying concrete corrosive acid
No. 40 in finished mustard product. No Phase I borings were placed
page 34 between these building for this spill site. This area should be

sampled during the feasibility study and analyzed for
thiodiglycol.

Response: Composite samples from the 0.5 to 1 ft interval were taken at 3
points from the soil underneath the former length of these
lines. The actual location of these lines was between Buildings
512 and 516 as determined in discussions between field personnel
and a former RMA facilities engineer. The text has been
modified to include this information.

Comment 8: Because of the problems encountered with positive identification
Spill Site of lewisite, the EPA does not feel that the lewisite
No. 2 contamination in the Spill Site 2 area has been adequately
page 44 characterized either vertically or horizontally. The EPA

recognizes problems inherent in sampling a lewisite contaminated
site, and it also recognizes that the sampled presence of the
compound confirms the spill. However, for the feasibility study
and for the ultimate remediation of the site, either worst case
estimates for potentially contaminated soil over the whole site,
or further sampling will be needed to ensure adequate site
remediation.
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Respons: As stated in the text, the laboratory method used during the
investigation did not yield a positive indication of lewisite.
The method used was not able to distinguish among compounds,
including lewisite, which degrade to acetylene in the presence
of caustic. After the development of a new laboratory test that
can distinguish between lewisite, lewisite oxide, and other

compounds, a new boring was placed directly north of the
original boring (Boring 3) where positive field indications for
lewisite were originally obtained. The sample from the 4 to 5
ft interval again tested positive in the field for lewisite but
the newer, more sensitive and selective laboratory method
yielded a negative result. The borings completed at this site
that were placed in the pits (4 & 5) yielded samples that
contained elevated levels of arsenic, a constituent of lewisite,
and mercury, a catalyst used in the manufacture of lewisite, as
well as elevated levels of other chemicals not related to
lewisite production. The Army believes that this investigation
demonstrated that this area was used for disposal of neutralized
lewisite. As is the case throughout the PMA RI/FS program,
reasonable worst-case estimates will be used whenever data are
incomplete.

Coment9: It is noted that there was difficulty in determining if
chlorinated hydrocarbons were from contamination unique to their
location southwest of Building 543, or if they were instead, due
to levels present throughout the site. EPA recommends that the
South Plants Study Area Report soil gas study be integrated with
other data collected from the South Plants area to outline
plumes that may extend beyond single site spills.

Response: The follow-on soil gas work using a portable gas chromatograph

as described in pages 46 through 54 was designed to address the
issue raised in this comment.
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SAY 1?, 1968

Office of the Progra Manager
for Rocky Momntain Arsenal

ATTN: A14XRM-?N: Mr. Donald L. Campbell
building E-4460
Aberdeen Proving Ground, Maryland 21010-S401

Dear hr. Campbell:

[nclosed herewith are Shell Oil's -oiwets on Draft Final Phase I
Data Presentation report, Army Spills Sites, South Plants Manufacturing
Complex, Task No. 24. April. 1998.

Sincerely,.

C. X. Hahn
Nansger
Denver Site Project

S~RDL:ajg

Enclosure

cc: (w/ecluosUe)
Office of the Program Manager for Rocky Nountain Arsenal
ATTN: *XIM-RP: Mr. Kevin T. Ilose, Acting Chief
Aberdeen Proving Ground, Maryland 21010-5401

Office of the PrograT Manager for Rocky Nountain Arsenal
ATTN: AXXRM-TO: Mr. Brian L. Anderson
Conmerce City. Colorado W0022-2180

881096 Yz.
SSHELL

SJID 801707 D/C - 6001.0.0

'E&R



* RESPONSE TO COMMENTS
OF SHELL OIL COMPANY

ON PHASE I DRAFT FINAL DATA PRESENTATION REPORT
ARMY SPILL SITES SOUTH PLANTS MANUFACTURING COMPLEX

Cment1: "No Phase II follow-on work is proposed for the Army Spills
Executive program because additional sampling and analysis has been
Summary, conducted under Task 2 site programs, the Shell Spills program
last para. and the South Plants Regional Study."

It is not clear from this statement (or from the discussion in
3.3 Phase II Survey) whether the programs listed will include
Phase II follow-on investigations of the Army spill sites at
which this Phase I investigation found elevated levels of
contaminants. For consistency with all other site
investigations, a follow-on Phase II program should be performed
on these sites.

Response: Phase II follow-on investigations were conducted at all Task 2
sites where contamination warranting follow-on work was
detected. The Shell Spills program, the South Plants Regional
Study and the Army Spills program did not include Phase II
programs. The Phase I and II investigations for the Task 2
sites, the Shell & Army Spills investigations, and the South
Plants Regional Study have yielded sufficient information to
characterize the nature and extent of contamination in the South
Plants manufacturing complex to a le-cl of detail sufficient to
conduct the Feasibility Study.

Cm The text could indicate that borings for other RI programs have

Spill Site been drilled in or around this site.
No. 5
page 11

Response: Two Shell spill program borings were constructed in the area of
this site. This information has been added to the text.

gmmJ•lnt: Notwithstanding the disturbed conditions at this site, its
Spill Site history warrants placement of some borings.
No. 6
page 12

Response: Two borings were placed in the area of the ton container storage
yard, one as part of the investigation of Site 1-3 under Task 2
and one as part of the South Plants Regional Study. This
information has been added to the text. As stated in the text,
parts of the area north of Buildings 537 and 538 were not only
built over but no information is available which would locate
storage or spill areas. One boring from the Shell spills
program was placed in a location which is north and appears to

be downgradient of this former storage area.
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A
Camnt 4: The area encompassed by this site is not large, therefore
Spill Site placement of borings is warranted.
No. 8
page 13

Response: Borings 16 and 17 were placed in this area. The text has been
corrected to reflect this.

Comment 5: Monochlorobenzene has been detected in wells downgradient of
Spill Site this site, e.g., 520 ppb in well 01518 (1979). Consequently,
No. 11 borings should be placed at this site.
page 14

Res~onse: The purpose of this program was to investigate potential Army
spill sites. No historical information documents any Army spill
of either chlorobenzene or monochlorobenzene by the Army.
Further, five borings were placed in the vicinity of this site
as part of the Shell spills investigation. This information has
been added to the text. None of these borings detected
chlorobenzene.

c enuti .: A list of pesticides stored in Building 544 should be included in
Spill Site the text to aid in the understanding of sampling results.
No. 19
page 19

Response: This information is published in the Final Technical Plan Task
24 Program for Army Spill Sites, Phase I, v. I.

Counent 7: This listing should be deleted since no spill was identified by
Spill Site this number in Shell's document.
No. 21
page 20

Response: This listing was included by number in the Shell letter of May,
1985 which was the original basis for this investigation. The
numbering sequence was retained to remain in conformance with
this letter so as to avoid any confusion which would be incurrcd
by renumbering sites or eliminating numbers without explanations.

Comment 8: Same as 7, above.
Spill Site
No. 22
page 21

Ruonse: See Response to Comment 7.

Coaent 9: The reference in the first sentence to Building 523 may be an
Spill Site error.
No. 24
page 22, 1st
full para.
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I
The reference should be to Building 534 and has been changed in
the text.

Comment 1: In the second sentence, it is not clear what "..this additional
page 57, information.." refers to.
para.
preceding Is the last sentence intended to mean that no Phase II
3.2.2 investigation is necessary? If so, this conclusion seems

inconsistent with the last paragraph of the Executive Summary
and with 3.3 Phase II Survey. (Also, see comment #1, above).

SResonse: In the second sentence, "this additional information" refers to
new historical information obtained after the program was
implemented. An addition to this paragraph has been made to
make this clear.

Yes, this last sentence is intended to mean that no Phase II
investigation is necessary, when the results of the Army spills
program are analyzed in conjunction with the results of the Task
2 and Shell spills investigations and the South Plants Regional
Study. A phrase has been added to the text clarifying this

relationship.

Comment 11: See comment #1. The Task 2 site program and South Plants
page 142 Regional Study program do not reflect plans for follow-on Phase

II investigation of Army Spill Sites with elevated levels of
contaminants.

Response: See Response to Conment 1 above.
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